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Background of the Invention 

G-protein coupled receptors (GPCRs) are seven transmembrane domain proteins 
5 that mediate signal transduction of a diverse number of ligands through heterotrimeric G 
proteins (Strader, C. D. etal (1994) Annu. Rev. Biochem. 63: 101-132). G protein- 
coupled receptors (GPCRs), along with G-proteins and effector proteins (e.g., 
intracellular enzymes and channels), are the components of a modular signaling system. 
Upon ligand binding to an extracellular portion of a GPCR, different G proteins are 

1 0 activated, which in turn modulate the activity of different intracellular effector enzymes 
and ion channels (Gutkind, J.S. (1998) J. Biol Chem. 273: 1839-1842; Selbie, LA. and 
Hill, S.J. (1998) Trends Pharmacol. ScL 19:87-93). 

G proteins represent a family of heterotrimeric proteins composed of a, P and y 
subunits, which bind guanine nucleotides. These proteins are usually linked to cell 

1 5 surface receptors (e.g. , GPCR). Following ligand binding to the GPCR, a 

conformational change is transmitted to the G protein, which causes the a-subunit to 
exchange a bound GDP molecule for a GTP molecule and to dissociate from the Py- 
subunits. The GTP-bound form of the a-subunit typically functions as an effector- 
modulating moiety, leading to the production of second messengers, such as cyclic AMP 

20 (e.g. , by activation of adenylate cyclase), diacylglycerol or inositol phosphates. Greater 
than 20 different types of a-subunits are known in man, which associate with a smaller 
pool of p and y subunits. Examples of mammalian G proteins include Gi, Go, Gq, Gs 
and Gt (Lodish H. et al Molecular Cell Biology, (Scientific American Books Inc., New 
York, N.Y., 1995). 

25 The GPCR protein superfamily identified to date contains over 250 subtypes. 

The superfamily can be broken down into five subfamilies: Subfamily I, which includes 
receptors typified by rhodopsin and the beta2-adrenergic receptor and currently contains 
over 200 unique members (reviewed by Dohlman et al (1991) Annu. Rev. Biochem. 
60:653-688); Subfamily II, which includes the parathyroid honnone/calcitonin/secretin 

30 receptor family (Juppner et al (1991) Science 254: 1024-1026; Lin et al (1991) Science 
254:1022-1024); Subfamily III, which includes the metabotropic glutamate receptor 
family in mammals, such as the GAB A receptors (Nakanishi et al (1992) Science 258: 
597-603); Subfamily IV, which includes the cAMP receptor family that is known to 
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mediate the chemotaxis and development of D. discoideum (Klein et al (1988) Science 
241 : 1467-1472); and Subfamily V, which includes the fungal mating pheromone 
receptors such as STE2 (reviewed by Kurjan I et al (1992) Annu. Rev. Biochem. 
61 : 1097-1 129). Within each family, distinct, highly conserved motifs have been 
5 identified. These motifs have been suggested to be critical for the structural integrity of 
the receptor, as well as for coupling to G proteins. 

Glycoprotein hormone receptors represent a subgroup of the Subfamily I of 
GPCRs. These hormone receptors have a large N-terminal extracellular (ecto-) domain 
which contains several leucine-rich repeats. The ligands for these receptors are 

1 0 glycoprotein hormones such as gonadotropins (e.g., lutenizing honnone (LH), follicle 
stimulating hormone (FSH), choriogonadotropin (CG) and thyrotropin (TSH)). 
Gonadotropins and TSH are essential for the growth and differentation of gonads and 
the thryoid glands, respectively. Binding of a glycoprotein hormone to these receptors 
leads to activation of the Gs-cAMP-protein kinase A pathway (Ji, T.H. et al. (1997) 

15 Recent Prog. Horm. Res. 52:431-453; Dufau, M.L. (1998) Annu. Rev. Physiol. 60: 461- 
496; Kohn, L.D. (1995) Vitam. Horm. 50: 287-384; Simoni, M. et al (1997) Endocr. 
Rev. 18: 739-773). 

GPCRs are of critical importance to several systems including the endocrine 
system, the central nervous system and peripheral physiological processes. 

20 Evolutionary analysis suggests that the ancestor of these proteins originally developed in 
concert with complex body plans and nervous systems. The GPCR genes and gene- 
products are believed to be potential causative agents of disease (Spiegel et al (1993) J. 
Clin. Invest. 92: 1 1 1 9-1 125); McKusick and Amberger (1 993) J. Med. Genet 30:1-26). 
For example, specific defects in the rodopsin gene and the V2 vasopressin receptor gene 

25 have been shown to cause various forms of autosomal dominant and autosomal 

recessive retinitis pigmentosa (see Nathans et al (1992) Annual Rev. Genet. 26:403- 
424), and nephrogenic diabetes insipidus (Holtzman et al (1993) Hum. Mol Genet. 
2:1201-1204). 

Given the important biological roles and properties of GPCRs, there exists a 
30 need for the identification of novel genes encoding such proteins as well as for the 
discovery of modulators of such molecules for use in regulating a variety of normal 
and/or pathological cellular processes. 
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Summary of the Invention 

The present invention is based, at least in part, on the discovery of novel 
members of the G-protein coupled receptor family, referred to herein as "large G-protein 
coupled receptor 6" or "LGR6" nucleic acid and protein molecules. The LGR6 nucleic 
5 acid and protein molecules of the present invention are useful as targets for developing 
modulating agents that regulate a variety of cellular processes, e.g., neural and endocrine 
processes, as well as thermogenesis. Accordingly, in one aspect, this invention provides 
isolated nucleic acid molecules encoding LGR6 polypeptides or biologically active 
portions thereof, as well as nucleic acid fragments suitable as primers or hybridization 

1 0 probes for the detection of LGR6-encoding nucleic acids. 

In one embodiment, an LGR6 nucleic acid molecule of the invention is at least 
60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 
99% or more homologous to the nucleotide sequence (e.g., to the entire length of the 
nucleotide sequence) shown SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO: 10, SEQ ID 

1 5 NO : 1 2 or a complement thereof. 

In another preferred embodiment, the isolated nucleic acid molecule includes the 
nucleotide sequence shown in SEQ ID NO:7 or SEQ ID NO:9, or a complement thereof. 
In another embodiment, the nucleic acid molecule includes SEQ ID NO:9 and 
nucleotides 2209-271 1 of SEQ ID NO:7. In another preferred embodiment, the nucleic 

20 acid molecule has the nucleotide sequence shown in SEQ ID NO:7 or SEQ ID NO:9. In 
another preferred embodiment, the nucleic acid molecule includes a fragment of at least 
2175 nucleotides of the nucleotide sequence of SEQ ID NO:7, SEQ ID NO:9, or a 
complement thereof. 

In another preferred embodiment, the isolated nucleic acid molecule includes the 

25 nucleotide sequence shown in SEQ ID NO: 1 0 or SEQ ID NO: 1 2, or a complement 

thereof. In another embodiment, the nucleic acid molecule includes SEQ ID NO: 12 and 
nucleotides 1-103 of SEQ ID NO: 10. In yet another embodiment, the nucleic acid 
molecule includes SEQ ID NO: 12 and nucleotides 3005-3492 of SEQ ID NO: 10. In 
another preferred embodiment, the nucleic acid molecule has the nucleotide sequence 

30 shown in SEQ ID NO: 1 0 or SEQ ID NO: 12. In another preferred embodiment, the 
nucleic acid molecule includes a fragment of at least 439 nucleotides of the nucleotide 
sequence of SEQ ID NO:10, SEQ ID NO:12, or a complement thereof. 
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In another embodiment, an LGR6 nucleic acid molecule includes a nucleotide 
sequence encoding a protein having an amino acid sequence sufficiently homologous to 
the amino acid sequence of SEQ ID NO:8, SEQ ID NO: 1 1 . In a preferred embodiment, 
an LGR6 nucleic acid molecule includes a nucleotide sequence encoding a protein 
5 having an amino acid sequence at least 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more homologous to the amino acid 
sequence of SEQ ID NO:8, SEQ ID NO: 1 1. 

In another preferred embodiment, an isolated nucleic acid molecule encodes the 
amino acid sequence of a mouse or human LGR6. In yet another preferred embodiment, 
10 the nucleic acid molecule includes a nucleotide sequence encoding a protein having the 
amino acid sequence of SEQ ID NO:8, SEQ ID NO:l 1 . In yet another preferred 
embodiment, the nucleic acid molecule is at least 1899, 2175 or 2901 nucleotides in 
length and encodes a protein having an LGR6 activity (as described herein). 

In another preferred embodiment, a nucleic acid molecule of the invention is at 
15 least 250-500, 500-750, 750-1000, 1000-1200, 1200-1400, 1400-1600, 1600-1800, 
1800-2000, 2000-2174, 2175, 2176-2200, 2200-2400, 2400-2600, 2600 or more 
nucleotides in length and which hybridizes under stringent conditions to a nucleic acid 
molecule comprising the nucleotide sequence shown in SEQ ID NO:7 of 9, or a 
complement thereof. 

20 In another preferred embodiment, a nucleic acid molecule of the invention is at 

least 1-50, 50-100, 100-150, 150-200, 200-250, 250-500, 500-750, 750-1000, 1000- 
1200, 1200-1400, 1400-1600, 1600-1800, 1800-2000, 2000-2174, 2175, 2176-2200, 
2200-2400, 2400-2600, 2600 or more nucleotides in length and which hybridizes under 
stringent conditions to a nucleic acid molecule comprising the nucleotide sequence 

25 shown in SEQ ID NO: 1 0 or SEQ ID NO : 1 2, or a complement thereof. In preferred 

embodiments, the nucleic acid molecules are at least 15 (e.g., contiguous) nucleotides in 
length and hybridize under stringent conditions to SEQ ID NO: 10 or SEQ ID NO: 12, or 
a complement thereof. 

In another preferred embodiment, the nucleic acid molecule encodes a naturally 

30 occurring allelic variant of a polypeptide comprising the amino acid sequence of SEQ 
ID NO:8, wherein the nucleic acid molecule hybridizes to a nucleic acid molecule 
comprising SEQ ID NO:7 or SEQ ID NO:9 under stringent conditions. In another 
preferred embodiment, the nucleic acid molecule encodes a naturally occurring allelic 
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variant of a polypeptide comprising the amino acid sequence of SEQ ID NO: 1 1 , wherein 
the nucleic acid molecule hybridizes to a nucleic acid molecule comprising SEQ ID 
NO:l 1 under stringent conditions. 

Another embodiment of the invention provides an isolated nucleic acid molecule 
5 which is antisense to an LGR6 nucleic acid molecule, e.g. , the coding strand of an LGR6 
nucleic acid molecule. 

Another aspect of the invention provides a vector comprising an LGR6 nucleic 
acid molecule. In certain embodiments, the vector is a recombinant expression vector. 
In another embodiment, the invention provides a host cell containing a vector of the 

1 0 invention. The invention also provides a method for producing a protein, preferably an 
LGR6 protein, by culturing in a suitable medium, a host cell, e.g., a mammalian host cell 
such as a non-human mammalian cell, of the invention containing a recombinant 
expression vector, such that the protein is produced. 

Another aspect of this invention features isolated or recombinant LGR6 proteins 

15 and polypeptides. In one embodiment, the isolated protein, preferably an LGR6 protein, 
includes at least one extracellular domain. In another embodiment, the isolated protein, 
preferably an LGR6 protein, includes at least one leucine-rich repeat. In another 
embodiment, the isolated protein, preferably an LGR6 protein, includes at least one 
RGD cell attachment site. In another embodiment, the isolated protein, preferably an 

20 LGR6 protein, includes at least one transmembrane domain. In another embodiment, 
the isolated protein, preferably an LGR6 protein, includes at least one cytoplasmic 
domain. In another embodiment, the isolated protein, preferably an LGR6 protein, 
includes at least one extracellular domain, at least one leucine-rich repeat, at least one 
RGD cell attachment site, at least one transmembrane domain and at least one 

25 cytoplasmic domain. In another embodiment, the isolated protein, preferably an LGR6 
protein, includes at least one extracellular domain; at least one leucine-rich repeat; at 
least one RGD cell attachment site; at least one transmembrane domain; at least one 
cytoplasmic domain; at least one protein phosphorylation site selected from the group 
consisting of a Protein Kinase C site, a Casein Kinase II site, and a tyrosine kinase 

30 phosphorylation site; at least one N-myristoylation site; and at least one 
glycosaminoglycan attachment site. 

In a preferred embodiment, the protein, preferably an LGR6 protein, includes at 
least one extracellular domain, at least one leucine-rich repeat, at least one RGD cell 



WO 01/85768 



-6- 



PCTAJS01/15002 



attachment site, at least one transmembrane domain, and at least one cytoplasmic 
domain and has an amino acid sequence at least about 60%, 65%, 70%, 75%, 80%, 85%, 
90%, 95% or more homologous to the amino acid sequence of SEQ ID NO: 8, SEQ ID 
NO:ll. 

5 In another preferred embodiment, the protein, preferably an LGR6 protein, 

includes at least one extracellular domain and plays a role in transducing an extracellular 
signal, e.g., by interacting with a ligand (e.g., a glycoprotein hormone) and/or a cell- 
surface receptor (e.g., an integrin receptor); by mobilizing intracellular molecules that 
participate in signal transduction pathways (e.g., adenylate cyclase, or 

10 phosphatidylinositol 4,5-bisphosphate (PIP2X inositol 1,4,5-triphosphate (IP3)); by 
modulating cell attachment; by maintaining energy balance and/or homeothermy, e.g., 
by modulating thermogenesis; by modulating endocrine function; and/or by modulating 
neural development and/or maintenance. In another preferred embodiment, the protein, 
preferably an LGR6 protein, incjudes at least one leucine-rich repeat and plays a role in 

1 5 transducing an extracellular signal, e.g. , by interacting with a ligand (e.g. , el glycoprotein 
hormone) and/or a cell surface receptor (e.g., an integrin receptor); by mobilizing 
intracellular molecules that participate in signal transduction pathways (e.g. , adenylate 
cyclase, or phosphatidylinositol 4,5-bisphosphate (PIP2X inositol 1,4,5-triphosphate 
G p 3))i by modulating cell attachment; by maintaining energy balance and/or 

20 homeothermy, e.g. , by modulating thermogenesis; by modulating endocrine function; 
and/or by modulating neural development and/or maintenance. In another preferred 
embodiment, the protein, preferably an LGR6 protein, includes at least one RGD cell 
attachment site and plays a role in transducing an extracellular signal, e.g., by interacting 
with a ligand (e.g., a glycoprotein hormone) and/or a cell surface receptor (e.g., an 

25 integrin receptor); by mobilizing intracellular molecules that participate in signal 

transduction pathways (e.g., adenylate cyclase, or phosphatidylinositol 4,5-bisphosphate 
(PIP2), inositol 1,4,5-triphosphate (IP3)); by modulating cell attachment; by maintaining 
energy balance and/or homeothermy, e.g., by modulating thermogenesis; by modulating 
endocrine function; and/or by modulating neural development and/or maintenance. 

30 In another preferred embodiment, the protein, preferably an LGR6 protein, 

includes at least one transmembrane domain and plays a role in transducing an 
extracellular signal, e.g., by interacting with a ligand (e.g., a glycoprotein hormone) 
and/or a cell surface receptor (e.g., an integrin receptor); by mobilizing intracellular 
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molecules that participate in signal transduction pathways (e.g., adenylate cyclase, or 
phosphatidylinositol 4,5-bisphosphate (PIP2), inositol 1,4,5-triphosphate (IP3)); by 
modulating cell attachment; by maintaining energy balance and/or homeothermy, e.g., 
by modulating thermogenesis; by modulating endocrine function; and/or by modulating 
5 neural development and/or maintenance. In another preferred embodiment, the protein, 
preferably an LGR6 protein, includes at least one cytoplasmic domain and plays a role 
in transducing an extracellular signal, e.g., by interacting with a ligand (e.g., a 
glycoprotein hormone) and/or a cell surface receptor (e.g., an integrin receptor); by 
mobilizing intracellular molecules that participate in signal transduction pathways (e.g., 

10 adenylate cyclase, or phosphatidylinositol 4,5-bisphosphate (PIP2X inositol 1,4,5- 
triphosphate (IP3)); by modulating cell attachment; by maintaining energy balance 
and/or homeothermy, e.g., by modulating thennogenesis; by modulating endocrine 
function; and/or by modulating neural development and/or maintenance. 

In another preferred embodiment, the protein, preferably an LGR6 protein, 

15 includes at least one extracellular domain, at least one leucine-rich repeat, at least one 
RGD-cell attachment site, at least one transmembrane domain and at least one 
cytoplasmic domain, and plays a role in in transducing an extracellular signal, e.g., by 
interacting with a ligand (e.g., a glycoprotein hormone) and/or a cell surface receptor 
(e.g., an integrin receptor); by mobilizing intracellular molecules that participate in 

20 signal transduction pathways (e.g. , adenylate cyclase, or phosphatidylinositol 4,5- 
bisphosphate (PIP2X inositol 1,4,5-triphosphate (IP3)); by modulating cell attachment; 
by maintaining energy balance and/or homeothermy, e.g., by modulating thermogenesis; 
by modulating endocrine function; and/or by modulating neural development and/or 
maintenance. 

25 In one preferred embodiment, the isolated protein includes at least 50 

consecutive amino acids, more preferably at least 100 consecutive amino acids, more 
preferably at least 150 consecutive amino acids, more preferably at least 200 
consecutive amino acids, more preferably at least 250 consecutive amino acids, more 
preferably at least 350 consecutive amino acids, more preferably at least 450 

30 consecutive amino acids, more preferably at least 500 consecutive amino acids of the 
amino acid sequence shown SEQ ID NO:8 or 1 1. 

In yet another preferred embodiment, the protein, preferably an LGR6 protein, 
includes at least one leucine-rich repeat, at least one RGD-cell attachment site, at least 
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one transmembrane domain and at least one cytoplasmic domain, and is encoded by a 
nucleic acid molecule having a nucleotide sequence which hybridizes under stringent 
hybridization conditions to a nucleic acid molecule comprising the nucleotide sequence 
of SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO:10 or SEQ ID NO: 12. 
5 In another embodiment, the invention features fragments of the proteins having 

the amino acid sequence of SEQ ID NO:8, SEQ ID NO:l 1 wherein the fragment 
comprises at least 15 amino acids (e.g., contiguous amino acids) of the amino acid 
sequence of SEQ ID NO:8, SEQ ID NO: 1 . In another embodiment, the protein, 
preferably an LGR6 protein, has the amino acid sequence of SEQ ID NO:8 or SEQ ID 
10 NO:ll. 

In yet another embodiment, the invention features an isolated protein, preferably 
an LGR6 protein, which is encoded by a nucleic acid molecule having a nucleotide 
sequence at least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or more 
homologous to a nucleotide sequence of SEQ ID NO:7, SEQ ID NO:9, or a complement 

1 5 thereof. In yet another embodiment, the invention features an isolated protein, 
preferably an LGR6 protein, which is encoded by a nucleic acid molecule having a 
nucleotide sequence at least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or more 
homologous to a nucleotide sequence of SEQ ID NO:10, SEQ ID NO:12, or a 
complement thereof. This invention further features an isolated protein, preferably an 

20 LGR6 protein, which is encoded by a nucleic acid molecule having a nucleotide 

sequence which hybridizes under stringent hybridization conditions to a nucleic acid 
molecule comprising the nucleotide sequence of SEQ ID NO:7, SEQ ID NO:9, SEQ ID 
NO: 10, SEQ ID NO: 12, or a complement thereof. 

The proteins of the present invention or biologically active portions thereof, can 

25 be operatively linked to a non-LGR6 polypeptide (e.g., heterologous amino acid 

sequences) to form fusion proteins. The invention further features antibodies, such as 
monoclonal or polyclonal antibodies, that specifically bind proteins of the invention, 
preferably LGR6 proteins. In addition, the LGR6 proteins or biologically active 
portions thereof can be incorporated into pharmaceutical compositions, which optionally 

30 include pharmaceutical^ acceptable carriers. 

In another aspect, the present invention provides a method for detecting the 
presence of an LGR6 nucleic acid molecule, protein or polypeptide in a biological 
sample by contacting the biological sample with an agent capable of detecting an LGR6 
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nucleic acid molecule, protein or polypeptide such that the presence of an LGR6 nucleic 
acid molecule, protein or polypeptide is detected in the biological sample. 

In another aspect, the present invention provides a method for detecting the 
presence of LGR6 activity in a biological sample by contacting the biological sample 
5 with an agent capable of detecting an indicator of LGR6 activity such that the presence 
of LGR6 activity is detected in the biological sample. 

In another aspect, the invention provides a method for modulating LGR6 activity 
comprising contacting a cell capable of expressing LGR6 with an agent that modulates 
LGR6 activity such that LGR6 activity in the cell is modulated. In one embodiment, the 

10 agent inhibits LGR6 activity. In another embodiment, the agent stimulates LGR6 

activity. In one embodiment, the agent is an antibody that specifically binds to an LGR6 
protein. In another embodiment, the agent modulates expression of LGR6 by 
modulating transcription of an LGR6 gene or translation of an LGR6 mRNA. In yet 
another embodiment, the agent is a nucleic acid molecule having a nucleotide sequence 

1 5 that is antisense to the coding strand of an LGR6 mRNA or an LGR6 gene. 

In one embodiment, the methods of the present invention are used to treat a 
subject having a disorder characterized by aberrant LGR6 protein or nucleic acid 
expression or activity by administering an agent which is an LGR6 modulator to the 
subject. In one embodiment, the LGR6 modulator is an LGR6 protein. In another 

20 embodiment the LGR6 modulator is an LGR6 nucleic acid molecule. In yet another 
embodiment, the LGR6 modulator is a peptide, peptidomimetic, or other small 
molecule. In a preferred embodiment, the disorder characterized by aberrant LGR6 
protein or nucleic acid expression is a weight disorder, e.g., obesity, anorexia, cachexia; 
a neural disorder, e.g., a CNS disorder, including Alzheimer's disease; an endocrine 

25 disorder; or a cardiovascular disorder, e.g., atherosclerosis, ischaemia reperfusion injury, 
cardiac hypertrophy, hypertension, coronary artery disease, myocardial infarction, 
arrythmia, cardiomyopathies, and congestive heart failure. 

The present invention also provides a diagnostic assay for identifying the 
presence or absence of a genetic alteration characterized by at least one of (i) aberrant 

30 modification or mutation of a gene encoding an LGR6 protein; (ii) mis-regulation of the 
gene; and (iii) aberrant post-translational modification of an LGR6 protein, wherein a 
wild-type form of the gene encodes a protein with an LGR6 activity. 
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In another aspect the invention provides a method for identifying a compound 
that binds to or modulates the activity of an LGR6 protein, by providing an indicator 
composition comprising an LGR6 protein having LGR6 activity, contacting the 
indicator composition with a test compound, and detennining the effect of the test 
5 compound on LGR6 activity in the indicator composition to identify a compound that 
modulates the activity of an LGR6 protein. 

Other features and advantages of the invention will be apparent from the 
following detailed description and claims. 

10 Brief Description of the Drawings 

Figure 1 depicts a mouse cDNA sequence (SEQ ID NO:l) and predicted amino 
acid sequence (SEQ ID NO:2) of mouse LGR6 (also referred to herein by clone 
designation "ftmzb048hl0"). The methionine-initiated open reading frame of mouse 
ftmzb048hl0 (without the 5 5 and 3' untranslated regions) extends from nucleotide 222 

1 5 to nucleotide 3 1 22 of SEQ ID NO: 1 (shown herein as SEQ ID NO:3). 

Figure 2 depicts an alignment of portions of the amino acid sequence of the 
mouse LGR6 (clone ftmzb048hl0) and a leucine-rich repeat consensus sequence 
derived from a hidden Markov model (PF00560). Alignments of eight leucine-rich 
regions of mouse LGR6 are indicated. For each alignment, the upper sequence is the 

20 PF00560 sequence while the lower sequence corresponds to amino acids 67 to 1 14, 1 15 
to 162, 163 to 210, 21 1 to 257, 258 to 305, 306 to 352, 353 to 398 and 399 to 446 of 
SEQ ID NO:2. ). The leucine-rich consensus sequence contains two leucine-rich 
repeats. Thus, the total number of leucine-rich repeats is sixteen, instead of eight. 
Figure 3 is a table summarizing proteins with leucine-rich repeats based on 

25 function, cellular location, length, leucine-rich consensus sequence and accession 
number. This table was obtained from Kobe, B. and Deisenhofer, J. (1994) Trends in 
Biochem Sci. at page 416. The numbers above the sequences indicate the position in the 
repeat in reference to the consensus of porcine RNase inhibitor. One-letter code is used 
for amino acids. An amino acid is included in the consensus if present at that position in 

30 more than half of the repeats; V represents A, V, L, F, Y or M, and is included in the 
consensus if these amino acids are present at that position in more than 80% of the 
repeats. Symbols used \\ any amino acid; c -\ gap; 4 +\ amino acid may or may not be 
present at this position. 
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The following abbreviations are used: RNase, ribonuclease; GP, glycoprotein; 
snRNP, small nuclear ribonucleoprotein particle; ECM, extracellular matrix; PM plasma 
membrane; EC, extracellular; TGF, transforming growth factor; IC, intracellular, BMP, 
bone-morpfogenic protein; WF, von Willebrand factor; LPS-LPB, complex of 
5 lipopolysaccharide and Upopolysaccharide-binding protein; NGF, nerve growth factor; 
BDNF, brain-derived neurotrophic factor; NT-3, neurotrophin-3; LH, lutrophin; CG, 
choriogonadotrophin; FSH, follitrophin; TSH, thyrotrophin; T-LR, trypsnosomal 
leucine-rich protein; RM membrane, rough microsoal membrane. Total number of 
repeats is the number of occurrences of the a..a.a..N/C/T sequence, where c a' represents 
10 A, V, L, F, Y or M; repeats shorter than 18 residues and isolated single repeats were not 
counted. Only the counted repeats were used to determine the consensus sequence. 

Figure 4 depicts a human cDNA sequence (SEQ ID NO:4) of human LGR6 (also 
referred to herein by clone designation "fahr"). The methionine-initiated open reading 
frame of human fahr (without the 5' and 3' untranslated regions) extends from 
1 5 nucleotide 1 to nucleotide 1 899 of SEQ ID NO:4 (shown herein as SEQ ID NO:6). 

Figure 5 depicts the predicted amino acid sequence (SEQ ID NO:5) of human 
LGR6 (clone fahr). 

Figure 6 depicts an alignment of a portion of the amino acid sequence of the 
human LGR6 (clone fahr) and a leucine-rich repeat consensus sequence derived from a 
20 hidden Markov model (PF00560). The upper sequence in the alignment is the PF00560 
sequence while the lower sequence corresponds to amino acids 64 to 11 1 of SEQ ID 
NO:5. The leucine-rich consensus sequence contains two leucine-rich repeats. Thus, 
the total number of leucine-rich repeats is two, instead of one. 

Figure 7 depicts a multiple sequence alignment of the amino acid sequence of 
25 mouse LGR6 (clone ftmzb048hl0), clone aambbOOldl 12 and human LGR6 (clone 
fahr). The approximate location of the seven transmembrane domains (I-VII) is 
indicated. 

Figure 8 depicts a partial cDNA sequence and predicted amino acid sequence of 
human LGR6. The nucleotide sequence corresponds to nucleic acids 1 to 271 1 of SEQ 
30 ID NO:7. The amino acid sequence corresponds to amino acids 1 to 736 of SEQ ID 
NO: 8. The coding region without the and 3' untranslated region of the human LGR6 
gene is shown in SEQ ID NO:9. 
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Figure 9 depicts a structural, hydrophobicity, and antigenicity analysis of the 
human LGR6 protein (SEQ ID NO:l 1). 

Figure 10 depicts the results of a search which was performed against the HMM 
database (PFAM) using the amino acid sequence human LGR6 (SEQ ID NO:l 1) which 
5 resulted in the identification of "Leucine rich repeat (LRR) domains" and "7 

transmembrane receptor (rhodopsin family) domains" in the human LGR6 protein. 

Figure 1 1 depicts the results of a search which was performed against the HMM 
database (SMART) using the amino acid sequence human LGR6 (SEQ ID NO:l 1) 
which resulted in the identification of a "Leucine rich repeat (LRR) domains", for 
10 example, typical LRR (LRRjyp_2), bacterial type LRR (LRR_bac_2), SDS22-like 
LRR (LRR_sd22_2), and plant specific LRR (LRRJ>S_2) in the human LGR6 protein. 

Figure 12 depicts a local alignment of the mouse LGR6 nucleic acid sequence 
with the human LGR6 nucleic acid sequence using the the GAP program in the GCG 
software package, using a nwsgapdna matrix, a gap weight of 12 and a length weight of 
15 4. The results showed a 84.21 1% identity between the two sequences. 

Figure 13 depicts a local alignment of the mouse LGR6 protein with the human 
LGR6 protein using the the GAP program in the GCG software package, using a 
Blossum 62 matrix and a gap weight of 12 and a length weight of 4. The results showed 
a 89.281% identity between the two sequences. 
20 Figure 1 4 depicts the nucleotide sequence of the full length human LGR6 (SEQ 

ID NO:10) (also referred to herein by clone designation "Fbhl50881"). 

Figure 15 depicts the predicted amino acid sequence of human LGR6 (SEQ ID 
NO:l 1) (also referred to herein by clone designation "Fbhl 50881"). 

Figure 16 depicts depicts a local alignment of the mouse LGR6 protein with the 
25 full length human LGR6 protein using the the GAP program in the GCG software 
package, using a Blossum 62 matrix and a gap weight of 12 and a length weight of 4. 
The results showed a 89.855% identity between the two sequences. 

Detailed Description of the Invention 

30 The present invention is based, at least in part, on the discovery of novel 

molecules, referred to herein as LGR6 nucleic acid and protein molecules, which are 
members of G-protein coupled receptor family (GPCR). These novel molecules are 
capable of, for example, interacting with an extracellular signal ligand (e.g., a 



WO 01/85768 PCT/US01/15002 

-13- 

glycoprotein hormone) and/or a cell surface receptor (e.g., an integrin receptor), and 
thereby modulating cellular processes including cell attachment, mobilization of signal 
transduction pathways, regulation of energy balance and/or homeothermy, as well as 
modulation of endocrine function, and/or neural development and maintenance. 

5 The LGR6 molecules of the present invention comprise a family of molecules 

having certain conserved structural and functional features. The term "family" when 
referring to the protein and nucleic acid molecules of the invention is intended to mean 
two or more proteins or nucleic acid molecules having a common structural domain or 
motif and having sufficient amino acid or nucleotide sequence homology as defined 
1 0 herein. Such family members can be naturally or non-naturally occurring and can be 
from either the same or different species. For example, a family can contain a first 
protein of human origin, as well as other, distinct proteins of human origin or 
alternatively, can contain homologues of non-human origin. Members of a family may 
also have common functional characteristics. 

1 5 As used herein, the term "G protein-coupled receptor" or "GPCR" refers to a 

family of proteins that preferably comprise an N-terminal extracellular domain, seven 
transmembrane domains (also referred to as membrane-spanning domains), three 
extracellular domains (also referred to as extracellular loops), three cytoplasmic 
domains (also referred to as cytoplasmic loops), and a C-terminal cytoplasmic domain 

20 (also referred to as a cytoplasmic tail). Members of the GPCR family also share certain 
conserved amino acid residues, some of which have been determined to be critical to 
receptor function and/or G protein signaling. 

For example, GPCRs usually contain the following features including a 
conserved asparagine residue in the first transmembrane domain; a cysteine residue in 

25 the first extracellular loop which is believed to form a disulfide bond with a conserved 
cysteine residue in the second extracellular loop; a conserved phenylalanine residue 
which is commonly found as part of the motif FXXCXXP; and a conserved leucine 
residue in the seventh transmembrane domain which is commonly found as part of the 
motif DPXXY or NPXXY. An alignment of the transmembrane domains of 44 

30 representative GPCRs can be found at http://mgdkkl .nidll.nih.gov:8000/extended.html. 
The LGR6 proteins of the present invention contain a significant number of 
structural characteristics in common with members of the GPCR family. For example, 
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the mouse LGR6 protein (clone ftmzb048hl0) contains conserved cysteines found in the 
first two extracellular loops (prior to the third and fifth transmembrane domains, 
respectively) of most GPCR (e.g., cys 642 and cys 717 of SEQ IDNO:2). Similarly, the 
human LGR6 protein (clone fahr) contains conserved cysteine residues at positions 308 
5 and 383 of SEQ ID NO: 5. The human LGR6 protein (clone fahr) contains conserved 
cysteine residues at positions 41 1 and 486 of SEQ ID NO: 8. The human LGR6 protein 
(clone Fbhl50881) contains conserved systeine residues at positions 642 and 717of SEQ 
ID NO: 1 1 . The two cysteine residues are believed to form a disulfide bond that 
stabilizes the functional protein structure. In addition, both mouse and human LGR6 

10 proteins contain an NPXXY in the seventh transmembrane domain (e.g., residues 823- 
827 of SEQ ID NO:2, residues 489-493 of SEQ ID NO:5, residues 592-596 of SEQ ID 
NO:8, and residues 823-827 of SEQ ID NO: 11, respectively). 

Based on structural similarities, members of the GPCR family have been 
classified into various subfamilies, including: Subfamily I which comprises receptors 

1 5 typified by rhodopsin and the beta2-adrenergic receptor and currently contains over 200 
unique members (reviewed by Dohlman et al. (1991) Annu. Rev. Biochem. 60:653-688); 
Subfamily II, which includes the parathyroid hormone/calcitonin/secretin receptor 
family (Juppner et al. (1991) Science 254:1024-1026; Lin et al (1991) Science 
254:1022-1024); Subfamily III, which includes the metabotropic glutamate receptor 

20 family in mammals, such as the GABA receptors (Nakanishi et al (1992) Science 258: 
597-603); Subfamily IV, which includes the cAMP receptor family that is known to 
mediate the chemotaxis and development of D. discoideum (Klein et al (1988) Science 
241:1467-1472); and Subfamily V, which includes the fungal mating pheromone 
receptors such as STE2 (reviewed by Kurjan I et al (1992) Annu. Rev. Biochem. 

25 61:1 097- 1 1 29). Within each family, distinct, highly conserved motifs have been 

identified. These motifs have been suggested to be critical for the structural integrity of 
the receptor, as well as for coupling to G proteins. 

The LGR6 proteins of the present invention show significant homology to a 
subgroup of the Subfamily I of GPCRs represented by the glycoprotein hormone 

30 receptors. As used herein, the term "glycoprotein hormone receptors" refers to a 

subgroup of GPCRs which share certain structural and functional characteristics. For 
example, glycoprotein hormone receptors have an extended N-terminal extracellular 
(ecto-) domain which contains several leucine-rich repeats. The ligands for these 
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receptors are glycoprotein hormones such as gonadotropins (e.g., luteinizing hormone 
(LH), follicle-stimulating hormone (FSH), choriogonadotropin (CG) and thyroid- 
stimulating hormone (TSH)). Binding of a glycoprotein hormone to these receptors 
leads to activation of the Gs-cAMP-protein kinase A pathway (Ji, T.H. et al. (1997) 
5 Recent Prog. Horm. Res. 52:431-453; Dufau, MX. (1998) Annu. Rev. Physiol 60: 461- 
496; Kohn, L.D. (1995) Vitam. Horm. 50: 287-384; Simoni, M. et al (1997) Endocr. 
Rev. 18: 739-773). In particular, the LGR6 proteins of the invention show significant 
homology to two orphan receptors termed LGR4 and LGR5 (Hsu, J.W. et al (1988) 
Mol. Endocrinol 12 (12): 1830-1845; Accession Nos. AF0661443 and AF061444, 
10 respectively). 

In one embodiment, the LGR6 proteins of the present invention have an amino 
acid sequence of about 400-1 100, preferably about 500-1000, and more preferably about 
600-970 amino acids in length. For example, the LGR6 proteins preferably include an 
N-terminal extracellular domain which contains at least one, two, three, four, five, six, 

15 seven, eight, nine, ten, eleven, twelve, thirteen, fourteen, fifteen, and preferably sixteen 
leucine-rich repeats; and at least one RGD attachment site. Preferably, the LGR6 
protein further includes at least one, two, three, four, five, six or seven transmembrane 
domains (also referred to as membrane-spanning domains), at least one, two, and 
preferably, three extracellular domains (also referred to as extracellular loops), at least 

20 one, two and preferably, three cytoplasmic domains (also referred to as cytoplasmic 
loops), and at least one C-terminal cytoplasmic domain (also referred to as a 
cytoplasmic tail). 

In one embodiment, an LGR6 protein includes at least one extracellular domain. 
When located at the N-terminal domain the extracellular domain is referred to herein as 

25 an "N-terminal extracellular domain", or as an N-terminal extracellular loop in the 
amino acid sequence of the protein. As used herein, an "N-terminal extracellular 
domain" includes an amino acid sequence having about 1-700, preferably about 1-650, 
more preferably about 1-600, more preferably about 1-560, even more preferably about 
1-563 amino acid residues in length and is located outside of a cell or extracellularly. 

30 The C-terminal amino acid residue of a "N-terminal extracellular domain" is adjacent to 
an N-terminal amino acid residue of a transmembrane domain in a naturally-occurring 
LGR6 or LGR6-like protein. For example, an N-terminal cytoplasmic domain is located 
at about amino acid residues 1-563 of SEQ ID NO:2. Preferably, the N-terminal 
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extracellular domain is capable of interacting (e.g., binding to) with an extracellular 
signal, for example, a ligand (e.g., a glycoprotein hormone) or a cell surface receptor 
(e.g. , an integrin receptor). Most preferably, the N-terminal extracellular domain 
mediates protein-protein interactions, signal transduction and/or cell adhesion. 
5 In one embodiment, the extracellular domain contains at least one, two, three, 

four, five, six, seven, eight, nine, ten, eleven, twelve, thirteen, fourteen, fifteen, and 
preferably, sixteen leucine-rich repeats. As used herein, a "leucine-rich repeat" (also 
referred to herein as "LRR") refers to short protein modules characterized by a periodic 
distribution of hydrophobic amino acids, especially leucine residues, separated by more 

10 hydrophilic residues (Buchanan, S. and Gay, N. J. (1996) Prog. Biophys. Molec. Biol. 
Vol. 65 (No. X A)\ 1-44; Kobe, B. and Deisenhofer, J.(1994) Trends in Biochem Set: 415- 
421, the contents of which are incorporated herein by reference). LRRs are 
distinguished by a consensus sequence of about 20-30, preferably, 24 amino acids in 
length. As shown in Figure 3, the LRR consensus sequence preferably contains leucines 

15 or other aliphatic residues at positions 2, 5, 7, 12, 16, 21 and 24, and asparagine, 

cysteine or threonine at position 10. Preferred LRRs contain exclusively asparagine at 
position 10, however, a cysteine residue may be substituted in this position (Figure 3). 
Consensus sequences derived from LRRs in individual proteins often contain additional 
conserved residues in positions other than those mentioned above. For example, 

20 aliphatic and aromatic amino acids, sometimes glycines and prolines can also be found. 
The hydrophobic consensus residues in the carboxy-terminal parts of the repeats are 
commonly spaced by 3, 4, or 7 residues. Leucine-rich repeats are usually present in 
tandem, and the number of LRR ranges from one to about 30 repeats. 

As used herein, the term "leucine rich repeat" includes a protein domain having 

25 an amino acid sequence of about 10-30 amino acid residues and having a bit score for 
the alignment of the sequence to the LRR domain (HMM) of at least about 5. 
Preferably, a LRR domain includes at least about 15-28, more preferably about 20-26 
amino acid residues, or 22-24 amino acid residues, and has a bit score for the alignment 
of the sequence to the LRR domain (HMM) of at least about 8, 10, 16, 18, 19, 23, 25 or 

30 greater. The LRR domain (HMM) has been assigned the PFAM Accession PF00560 
(http://genome.wustl.edu/Pfam/.html). To identify the presence of a LRR domain in a 
LGR6 protein, and make the determination that a protein of interest has a particular 
profile, the amino acid sequence of the protein is searched against a database of HMMs 



WO 01/85768 



-17- 



PCT/US01/15002 



(e.g., the Pfam database, release 2.1) using the default parameters 
(http://www.sanger.ac.uk/So For example, the hmmsf 

program, which is available as part of the HMMER package of search programs, is a 
family specific default program for PF00560 and a score of 15 is the default threshold 
5 score for determining a hit. Alternatively, the threshold score for determining a hit can 
be lowered (e.g., to 8 bits). A description of the Pfam database can be found in 
Sonhammer et al (1997) Proteins 28(3):405-420 and a detailed description of HMMs 
can be found, for example, in Gribskov et a/.(1990) Meth. Enzymol. 183:146-159; 
Gribskov et a/.(1987) Proc. Natl Acad. Sci. USA 84:4355-4358; Krogh et al(\994) J. 

10 Mol Biol 235:1501-1531; and Stultz et a/.(1993) Protein Sci. 2:305-314, the contents 
of which are incorporated herein by reference. 

In one embodiment, the LRR corresponds to a p-a structural unit, consisting of a 
short P-strand and an a-helix approximately parallel to each other. The structural units 
are arranged so that the (3-strands and the helices are parallel to a common axis, resulting 

15 in a nonglobular, horseshoe-shaped molecule with a parallel p-sheet lining in the inner 
circumference of the horseshoe, and the helices flanking the circumference. Leucine- 
rich repeats are located at about amino acid residues 67 to 90, 91 to 1 14, 115 to 138, 139 
to 162, 163 to 186, 187 to 210, 211 to 234, 235 to 257, 258 to 281, 282 to 305, 306 to 
329, 330 to 352, 353 to 375, 376 to 398, 399 to 422 and 423 to 446 of SEQ ID NO:2 of 

20 SEQ ID NO:2, and at about amino acids 64 to 87 and 88 to 1 1 1 of SEQ ID NO:5. In 
addition, a search was performed against the HMM database resulting in the 
identification of LRR domains in the amino acid sequence of human LGR6 at about 
residues 4-26, 27-50, 51-74, 75-97, 98-121, 122-143, 144-167, 168-191, and 192-215 of 
SEQ ID NO: 8. A search was also performed against the HMM database resulting in the 

25 identification of LRR domains in the amino acid sequence of the complete human LGR6 
at about residues 67 to 90, 91 to 114, 115 to 138, 139 to 162, 163 to 186, 187 to 210, 
211 to 234, 235 to 257, 258 to 281, 282 to 305, 306 to 329, 330 to 352, 353 to 375, 376 
to 398, 399 to 422 and 423 to 446 of SEQ ID NO:l 1 (see Figures 10 and 1 1). The LRR 
domains identified in the amino acid sequence of human LGR6 of SEQ ID NO:8 

30 correspond to amino acid residues 235 to 257, 258 to 281, 282 to 305, 306 to 329, 330 to 
352, 353 to 375, 376 to 398, 399 to 422 and 423 to 446 of SEQ ID NO:l 1 
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Accordingly, LGR6 proteins having at least 50-60% identity, preferably about 
60-70%, more preferably about 70-80%, or about 80-90% identity with a LRR domain 
of human or mouse LGR6 are within the scope of the invention. 

Preferably, the leucine-rich repeat in the extracellular domain of an LGR6 
5 protein mediates protein-protein interactions, signal transduction and/or cell adhesion. 
In one embodiment, the LRR domain is capable of interacting (e.g. , binding to) a 
glycoprotein hormone. Exemplary glycoprotein hormones include gonadotropins {e.g., 
luteinizing hormone (LH), follicle-stimulating hormone (FSH), choriogonadotropin 
(CG) and thyroid-stimulating hormone (TSH)). Upon binding of an extracellular protein 

10 to the LRR, an intracellular signal transduction pathway (e.g. , adenylate cyclase 
pathway or PI turnover pathway) is activated. For example, the Gs-cAMP-protein 
kinase A pathway can be activated (Ji, T.H. et al (1997) Recent Prog. Horm. Res. 
52:431-453; Dufau, MX. (199%) Annu. Rev. Physiol 60: 461-496; Kohn, L.D. (1995) 
Vitam. Horm. 50: 287-384; Simoni, M. et al (1997) Endocr. Rev. 18: 739-773). 

1 5 Alternatively, or in addition to the ligand binding role, the LRRs may mediate receptor 
dimerization or oligomerization. Such aggregation has been shown, for a number of 
receptor types, to correlate with their activation. Examples of the receptors that are 
activated upon dimerization include receptor tyrosine kinases (RTK) and 
serine/threonine kinases. 

20 In one embodiment, the LGR6 proteins of the present invention contain at least 

one RGD cell attachment site. As used herein, the term "RGD cell attachment site" 
refers to a cell adhesion sequence consisting of amino acids Arg-Gly-Asp typically 
found in extracellular matrix proteins such as collagens, laminin and fibronectin, among 
others (reviewed in Ruoslahti, E. (1996) Annu. Rev. Cell Dev. Biol. 12:697-715). 

25 Preferably, the RGD cell attachment site is located in the extracellular domain of an 
LGR6 protein and interacts (e.g., binds to) a cell surface receptor, such as an integrin 
receptor. As used herein, the term "integrin" refers to a family of receptors comprising 
aP heterodimers that mediate cell attachment to extracellular matrices and cell-cell 
adhesion events. The a subunits vary in size between 120 and 180 kd and are each 

30 noncovalently associated with a P subunit (90-1 1 0 kd) (reviewed by Hynes (1 992) Cell 
69:1 1-25). Most integrins are expressed in a wide variety of cells, and most cells 
express several integrins. There are at least 8 known p subunits and 14 known a 
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subunits. The majority of the integrin ligands are extracellular matrix proteins involved 
in substratum cell adhesion such as collagens, laminin, fibronectin among others. The 
RGD cell attachment site is located at about amino acid residues 760-762 of SEQ ID 
NO:2, at amino acids 425-427 of SEQ IDNO:5, at amino acid residues 529-531 of SEQ 
5 ID NO:8 and at amino acid residues 760-762 of SEQ ID NO: 1 1 . 

In another embodiment, the LGR6 proteins of the present invention contain at 
least one, two, three, four, five, six, or preferably, seven transmembrane domains. As 
used herein, the term "transmembrane domain" includes an amino acid sequence of 
about 1 5 amino acid residues in length which spans the plasma membrane. More 

10 preferably, a transmembrane domain includes about at least 20, 25, 30, 35, 40, or 45 
amino acid residues and spans the plasma membrane. Transmembrane domains are rich 
in hydrophobic residues, and typically have an cc-helical structure. In a preferred 
embodiment, at least 50%, 60%, 70%, 80%, 90%, 95% or more of the amino acids of a 
transmembrane domain are hydrophobic, e.g., leucines, isoleucines, tyrosines, or 

15 tryptophans. Transmembrane domains are described in, for example, 

htto://pfam.wustl.edu/cgi-bin/getdesc?name=7tm-l, and Zagotta W.N. et al, (1996) 
Annual Rev. Neuronsci. 19: 235-63, the contents of which are incorporated herein by 
reference. Amino acid residues 564-590, 598-620, 645-669, 684-704, 731-751, 773-798 
and 812-834 of SEQ ID NO:2 comprise transmembrane domains (see Figure 1). Amino 

20 acid residues 230-256, 264-286, 31 1-336, 350-370, 397-417, 440-464 and 478-500 of 
SEQ ID NO:5 comprise transmembrane domains (see Figure 5). Amino acid residues 
333-359, 367-389, 414-439, 453-473, 500-520, 543-567 and 581-603 of SEQ ID NO:8 
comprise transmembrane domains (see Figure 8). Amino acid residues 566-590, 599- 
621,646-665, 688-709, 728-752 and 777-801 of SEQ IDNOrll comprise 

25 transmembrane domains (see Figure 1 5). 

In another embodiment, an LGR6 includes at least one "7 transmembrane 
receptor profile" in the protein or corresponding nucleic acid molecule. As used herein, 
the term "7 transmembrane receptor profile" includes an amino acid sequence having at 
least about 10-300, preferably about 15-200, more preferably about 20-100 amino acid 

30 residues, or at least about 22-100 amino acids in length and having a bit score for the 
alignment of the sequence to the 7tm_l family Hidden Markov Model (HMM) of at 
least 1, preferably 3, more preferably 5-10, preferably 20-30, more preferably 22-40, 
more preferably 40-50, 50-75, 75-100, 100-200 or greater. The 7tm_l family HMM has 



WO 01/85768 PCT/US01/15002 

-20- 

been assigned the PFAM Accession PF00001 
(http://genome.wusti^ .html). 

To identify the presence of a 7 transmembrane receptor profile in an LGR6, the 
amino acid sequence of the protein is searched against a database of HMMs (e.g., the 
5 Pfam database, release 2.1) using the default parameters 

(http://www.sanger.ac.uk/Sofhvare/Pfam/HMM For example, the hmmsf 

program, which is available as part of the HMMER package of search programs, is a 
family specific default program for PF00001 and score of 15 is the default threshold 
score for determining a hit. A search was performed against the HMM database 

10 resulting in the identification of 7 tm_l domains in the amino acid sequence of human 
LGR6 at about residues 404-43 1 and 553-596 of SEQ ID NO:8 . A search was was also 
performed against the HMM database resulting in the identification of 7 tm_l domains 
in the amino acid sequence of human LGR6 at about and amino acids 635 to 662 and 
784 to 827 of SEQ ID NO: 1 1 (see Figure 10). The 7 tmj domains in the amino acid 

1 5 sequence of human LGR6 at about amino acids 635 to 662 and 784 to 827 of SEQ ID 
NO: 1 1 correspond to the 7 tm_l domains in the amino acid sequence of human LGR6 at 
about residues 404-431 and 553-596 of SEQ ID NO:8. Alternatively, the seven 
transmembrane domain can be predicted based on stretches of hydrophobic amino acids 
forming a-helices (SOUSI server). For example, using a SOUSI server, a 7 TM 

20 receptor profile was identified in the amino acid sequence of SEQ ID NO:2, SEQ ID 
NO:5 (e.g., amino acids 812-834 of SEQ ID NO:2, amino acids 478-500 of SEQ ID 
NO:5). Accordingly, LGR6 proteins having at least 50-60% homology, preferably 
about 60-70%, more preferably about 70-80%, or about 80-90% homology with the 7 
transmembrane receptor profile of human or mouse LGR6 are within the scope of the 

25 invention. 

In another embodiment, an LGR6 protein includes at least one extracellular loop. 
As defined herein, the term "loop" includes an amino acid sequence having a length of 
at least about 4, preferably about 5-10, preferably about 10-20, and more preferably 
about 20-30, 30-40, 40-50, 50-60, 60-70, 70-80, 80-90, 90-100, or 100-150 amino acid 
30 residues, and has an amino acid sequence that connects two transmembrane domains 
within a protein or polypeptide. Accordingly, the N-terminal amino acid of a loop is 
adjacent to a C-terminal amino acid of a transmembrane domain in a naturally-occurring 
LGR6 or LGR6-like molecule, and the C-terminal amino acid of a loop is adjacent to an 
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N-terminal amino acid of a transmembrane domain in a naturally-occurring LGR6 or 
LGR6-like molecule. As used herein, an "extracellular loop" includes an amino acid 
sequence located outside of a cell, or extracellularly. For example, an extracellular loop 
can be found at about amino acids 621-644, 705-730 and 799-81 1 of SEQ ID NO:2, at 
5 amino acids 287-310, 371-396 and 465-477 of SEQ ID NO:5, or at amino acids 390- 
413, 474-499 and 568-580 of SEQ ID NO:8. 

In another embodiment, an LGR6 protein include at least one cytoplasmic loop, 
also referred to herein as a cytoplasmic domain. As used herein, a "cytoplasmic loop' 1 
includes an amino acid sequence located within a cell or within the cytoplasm of a cell. 
10 For example, a cytoplasmic loop is found at about amino acids 591-597, 670-683 and 
752-772 of SEQ ID NO:2. In other embodiments, the cytoplasmic loop is found at 
about amino acids 257-263, 337-349 and 418-439 of SEQ ID NO:5. In addition, a 
cytoplasmic loop is found at about amino acids 360-366, 440-452 and 521-542 of SEQ 
IDNO:8. 

15 In another embodiment of the invention, an LGR6 is identified based on the 

presence of a "C-terminal cytoplasmic domain", also referred to herein as a C-terminal 
cytoplasmic tail, in the sequence of the protein. As used herein, a "C-terminal 
cytoplasmic domain" includes an amino acid sequence having a length of at least about 
10, preferably about 10-25, more preferably about 25-50, more preferably about 50-75, 

20 even more preferably about 75-100, 100-133, 133-150, 150-200, 200-250, 250-300, 

300-400, 400-500, or 500-600 amino acid resudues and is located within a cell or within 
the cytoplasm of a cell. Accordingly, the N-terminal amino acid residue of a "C- 
terminal cytoplasmic domain" is adjacent to a C-terminal amino acid residue of a 
transmembrane domain in a naturally-occurring LGR6 or LGR6-like protein. For 

25 example, a C-terminal cytoplasmic domain is found at about amino acid residues 835- 
968 of SEQ ID NO:2, at amino acid residues 501-633 of SEQ ID NO:5, or at amino acid 
residues 604-736 of SEQ ID NO:8. 

In yet another embodiment, the LGR6 molecule can further include a signal 
sequence. As used herein, a "signal sequence" refers to a peptide of about 20-30 amino 

30 acid residues in length which occurs at the N-terminus of secretory and integral 

membrane proteins and which contains a majority of hydrophobic amino acid residues. 
For example, a signal sequence contains at least about 15-45 amino acid residues, 
preferably about 20-40 amino acid residues, more preferably about 21-33 amino acid 
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residues, and more preferably about 23-30 amino acid residues, and has at least about 
40-70%, preferably about 50-65%, and more preferably about 55-60% hydrophobic 
amino acid residues (e.g., alanine, valine, leucine, isoleucine, phenylalanine, tyrosine, 
tryptophan, or proline). Such a "signal sequence", also referred to in the art as a "signal 
5 peptide", serves to direct a protein containing such a sequence to a lipid bilayer. For 
example, in one embodiment, an LGR6 protein contains a signal sequence of about 
amino acids 1-23 of SEQ ID NO:2. The "signal sequence" is cleaved during processing 
of the mature protein. The mature LGR6 protein corresponds to amino acids 24 to 967 
of SEQ ID NO:2. In another embodiment, an LGR6 protein caontains a signal sequence 

1 0 of about amino acids 1 -25 of SEQ ID NO: 1 1 . The mature LGR6 protein corresponds to 
amino acids 26 to 968 of SEQ ID NO: 1 1 . 

Accordingly in one embodiment of the invention, an LGR6 includes at least one, 
preferably 6 or 7, transmembrane domains and and/or at least one cytoplasmic loop, 
and/or at least one extracellular loop. In another embodiment, the LGR6 further 

15 includes an N-terminal extracellular domain and/or a C-terminal cytoplasmic domain. 
In another embodiment, the LGR6 can include six transmembrane domains, three 
cytoplasmic loops, and two extracellular loops, or can include six transmembrane 
domains, three extracellular loops, and two cytoplasmic loops. The former embodiment 
can further include an N-terminal extracellular domain. The latter embodiment can 

20 further include a C-terminal cytoplasmic domain. In another embodiment, the LGR6 
can include seven transmembrane domains, three cytoplasmic loops, and three 
extracellular loops and can further include an N-terminal extracellular domain or a C- 
terminal cytoplasmic domain. 

The LGR6 molecules of the present invention can further include at least one 

25 protein phosphorylation site, for example, at least one, two, three, four, five, six and 
preferably, seven Protein Kinase C sites; at least one, two, three, four, and preferably, 
five Casein Kinase II sites; and at least one, and preferably, two tyrosine kinase 
phosphorylation site. The LGR6 can additionally include at least one, five, ten, fifteen, 
sixteen, seventeen, eighteen, nineteen, twenty, and preferably twenty-one N- 

30 myristoylation sites; at least one N-glycosylation site; at least one glycosaminoglycan 
attachment site; and optionally, a signal sequence. For example, LGR6 contains 
predicted Protein Kinase C sites at about amino acids 19-21, 115-1 17, 142-144, 163- 
165, 420-422, 685-687 and 844-846 of SEQ IDNO:2, at about amino acids 52-54, 172- 
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174 and 350-352 of SEQ ID NO:5, at about amino acids 276-278 and 454-456 of SEQ 
ID NO:8 and at about amino acids 19-21, 1 15-117, 142-144, 163-165, 507-509 and 685- 
687 of SEQ ID NO:l 1 ; predicted Casein Kinase II sites are located at about amino acids 
328-331, 707-710, 862-865, 874-877 and 910-913 of SEQ ID NO:2, at about amino 
5 acids 372-375, 527-530 and 539-542 of SEQ ID NO:5, at about amino acids 97-1 00, 
476-479, 631-634 and 643-646 of SEQ IDNO:8 and at about 328-331, 707-710, 862 to 
865, 874-877 of SEQ ID NO:l 1; one, and preferably, two tyrosine kinase 
phosphopyration sites from about amino acids 469-475 of SEQ ID NO:2, at about amino 
acids 134-140 and 182-188 of SEQ ID NO:5, and at about amino acids 238-244 and 

10 286-292 of SEQ ID NO:8 and at about amino acids 469-475 and 517-523 of SEQ ID 
NO:ll;N-myristoylation sites ftom about amino acids 45-50, 99-104, 107-112, 380- 
385, 398-403, 483-488, 493-498, 513-518, 533-538, 563-568, 602-607, 612-617, 641- 
646, 652-657, 684-689, 698-703, 886-891, 922-927, 942-947, 949-954 and 960-965 of 
SEQ IDNO:2, from about amino acids 17-22, 148-153, 158-163, 228-233, 267-272, 

15 277-282, 306-311, 317-322, 349-354, 363-368, 390-395, 587-592, 607-612, 613-618 
and 625-630 of SEQ ID NO:5, and from about amino acids 149-154, 252-257, 262-267, 
332-337, 371-376, 381-386, 410-415, 421-426, 453-458, 467-472, 494-499, 691-696, 
711-716, 717-722 and 729-734 of SEQ IDNO:8 and from abot amino acids 45-50, 99- 
104, 107-112, 127-132, 380-385, 483-488, 493-498, 563-568, 602-607, 612-617, 641- 

20 646, 652-657, 684-689, 698-703, 725-730, 922-927942-947, 948-953 and 960-965 of 
SEQ ID NO: 1 1 ; two N-glycosylation sites from about amino acids 77-80 and 208-21 1 
of SEQ ID NO:2, and from amino acids 1 -4 and 48-5 1 of SEQ ID NO:5 and from about 
amino acids 77-80 and 208-21 1 of SEQ ID NO:l 1; and one glycosaminoglycan 
attachment site from about amino acids 638-641 of SEQ ID NO:2, from about amino 

25 acids 616-61 9 of SEQ ID NO:5, from about amino acids 720-723 of SEQ ID NO:8 and 
from about amino acids 951-954 of SEQ ID NO:l 1. 

As the LGR6 proteins of the present invention may modulate LGR6-mediated 
activities, they may be usefiil for developing novel diagnostic and therapeutic agents for 
LGR6 associated disorders. 

30 As used herein, a "LGR6-mediated activity" includes an activity which involves 

an LGR6 family member, associated with the regulation, sensing and/or transmission of 
an extracellular signal into a cell, for example, a neural cell, an endocrine cell or an 
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adipose cell. LGR6-mediated activities include, for example, the interaction with (e.g., 
binding to) an extracellular signal (e.g., a glycohormone) or a cell surface receptor (e.g., 
an integrin receptor); the mobilization of an intracellular molecule that participates in a 
signal transduction pathway (e.g., adenylate cyclase or phosphatidylinositol 4,5- 
5 bisphosphate (PIP2), inositol 1 ,4,5-triphosphate (IP3)); the modulation of cell 

attachment; the modulation of neural development and maintenance; the modulation of 
thermogenesis in adipocytes, e.g., brown adipocytes, or muscle; the modulation of 
endocrine function; and/or the modulation of cardiovascular activities. 

As used herein, an "LGR6 associated disorder" includes a disorder, disease or 

10 condition which is characterized by a misregulation of an LGR6-mediated activity. 
LGR6 associated disorders can detrimentally affect the regulation, sensing and/or 
transmission of an extracellular signal into a cell. As the LGR6 mRNA is expressed in 
adipose cells, e.g., brown fat, heart, brain and skeletal muscle, it is likely that LGR6 
molecules of the present invention may be involved in disorders involving the activity of 

1 5 these cells. Examples of LGR6 associated disorders include a weight disorder, a 

metabolic disorder, a neural disorder (e.g., a central nervous system (CNS) disorder) an 
endocrine disorder, or a cardiovascular disorder. 

For example, as the LGR6 mRNA is expressed in adipose cells, e.g., brown fat. 
Therefore, aberrant or abnormal LGR6 protein activity and/or nucleic acid expression 

20 may interfere with the normal weight control and metabolic functions. Disorders 

associated with body weight include disorders associated with abnormal body weight or 
abnormal control of body weight. Non-limiting examples of such disorders or diseases 
include, body weight disorders (e.g., anorexia, obesity and/or hyperphagia); eating 
disorders (e.g., anorexia nervosa and/or bulimia nervosa); cachexia; AIDS-related 

25 wasting; and cancer-related wasting. 

In addition, LGR6 mRNA is expressed in the hypothalamus. Accordingly, in 
one embodiment, modulation of LGR6 activity has particular applicability in treating, 
hypothalamic dysfunction and/or disorders. As used herein, the term "hypothalamic 
dysfunction" includes a mis-regulated or aberrantly regulated function or activity 

30 attributed to the hypothalamus in an animal (e.g. , in a human), for example, a mis- 
regulated or aberrantly regulated hypothalamic activity, as described herein. As used 
herein, the term "hypothalamic disorder" includes a disease or disorder characterized by 
at least one phenotypic manifestation (e.g., a clinically detectable manifestation or 
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symptom) of a hypothalamic dysfunction, as defined herein. The term "hypothalamic 
activity", as used herein, includes at least one or more of the following activities: (1) 
modulation (e.g., repression or stimulation) of brain anabolic circuits or pathways; (2) 
modulation (e.g., repression or stimulation) of brain catabolic pathways; (3) modulation 
5 of food intake and/or feeding behavior (e.g. , stimulation of or inhibition/suppression of 
food intake and/or feeding behavior); (4) modulation of energy expenditure (e.g., 
suppression or stimulation of energy expenditure); (5) regulation of energy homeostasis; 
(6) regulation of body fat mass; (7) regulation of body temperature; (8) regulation of the 
sleep-wake cycle; (9) regulation of memory and/or behavior; (10) control of thirst; and 

10 (11) regulation of autonomic nervous system function; (12) modulation of cellular signal 
transduction, either in vitro or in vivo; (13) regulation of gene transcription in a cell 
expressing an LGR6 protein; (14) regulation of cellular proliferation; (15) regulation of 
cellular differentiation; (16) regulation of development; (17) regulation of cell death; 
(18) regulation of inflammation; and (19) regulation of respiratory cell function. 

1 5 Modulation of an LGR6 activity as described above may be included as part of a multi- 
drug regime that targets multiple sites within the weight regulatory system, temperature 
regulatory system, sleep-wake cycle control system, memory and/or behavior regulatory 
systems, thirst regulatory system and/or autonomic nervous system. 

CNS disorders such as cognitive and neurodegenerative disorders, examples of 

20 which include, but are not limited to, Alzheimer's disease, dementias related to 

Alzheimer's disease (such as Pick's disease), Parkinson's and other Lewy diffuse body 
diseases, senile dementia, Huntington's disease, Gilles de la Tourette's syndrome, 
multiple sclerosis, amyotrophic lateral sclerosis, movement disorders, progressive 
supranuclear palsy, epilepsy, AIDS related dementia, and Jakob-Creutzfieldt disease; 

25 autonomic function disorders such as hypertension and sleep disorders, and . 

neuropsychiatry disorders, such as depression, schizophrenia, schizoaffective disorder, 
korsakofP s psychosis, mania, anxiety disorders, or phobic disorders; learning or 
memory disorders, e.g., amnesia or age-related memory loss, attention deficit disorder, 
dysthymic disorder, major depressive disorder, mania, obsessive-compulsive disorder, 

30 psychoactive substance use disorders, anxiety, phobias, panic disorder, as well as bipolar 
affective disorder, e.g., severe bipolar affective (mood) disorder (BP-1), and bipolar 
affective neurological disorders, e.g., migraine and obesity. Further CNS-related 
disorders include, for example, those listed in the American Psychiatric Association's 
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Diagnostic and Statistical manual of Mental Disorders (DSM), the most current version 
of which is incorporated herein by reference in its entirety. 

As used herein, the term "cardiovascular disorder" includes a disease, disorder, 
or state involving the cardiovascular system, e.g., the heart, the blood vessels, and/or the 
5 blood. A cardiovascular disorder can be caused by an imbalance in arterial pressure, a 
malfunction of the heart, or an occlusion of a blood vessel, e.g. , by a thrombus. 
Cardiovascular system disorders in which the LGR6 molecules of the invention may be 
directly or indirectly involved include arteriosclerosis, atherosclerosis, ischemia 
reperfusion injury, restenosis, arterial inflammation, vascular wall remodeling, 

10 ventricular remodeling, rapid ventricular pacing, coronary microembolism, tachycardia, 
bradycardia, pressure overload, aortic bending, coronary artery ligation, valvular heart 
disease, atrial fibrilation, Jervell syndrome, Lange-Nielsen syndrome, long-QT 
syndrome, congestive heart failure, sinus node dysfunction, angina, heart failure, 
hypertension, atrial fibrillation, atrial flutter, cardiomyopathies (e.g. , dilated 

15 cardiomyopathy, idiopathic cardiomyopathy), myocardial infarction, coronary artery 
disease, coronary artery spasm, and arrhythmias. 

As used herein, the term "congestive heart failure" includes a condition 
characterized by a diminished capacity of the heart to supply the oxygen demands of the 
body. Symptoms and signs of congestive heart failure include diminished blood flow to 

20 the various tissues of the body, accumulation of excess blood in the various organs, e.g. , 
when the heart is unable to pump out the blood returned to it by the great veins, 
exertional dyspnea, fatigue, and/or peripheral edema, e.g., peripheral edema resulting 
from left ventricular dysfunction. Congestive heart failure may be acute or chronic. 
The manifestation of congestive heart failure usually occurs secondary to a variety of 

25 cardiac or systemic disorders that share a temporal or permanent loss of cardiac 

function. Examples of such disorders include hypertension, coronary artery disease, 
valvular disease, and cardiomyopathies, e.g., hypertrophic, dilative, or restrictive 
cardiomyopathies. Congestive heart failure is described in, for example, Cohn J.N. et al 
(1998) American Family Physician 57:1901-04, the contents of which are incorporated 

30 herein by reference. 

As used herein, an "endocrine disorder" refers to an abnormal hormonally- 
mediated metabolic function of the body such as controlling the rates of chemical 
reactions in the cells, the transport of substances through cell membranes or other 
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aspects of cellular metabolism such as growth and secretion. Non-limiting examples of 
endocrine disorders include hypothyroidism, hyperthyroidism, dwarfism, giantism, 
acromegaly, among others (Guyton, A.C. Medical Physiology 6 th Ed. W.B. Saunders 
Co. Philadelphia). 

5 The LGR6 protein may participate in signaling pathways within cells, e.g., 

signaling pathways involved in proliferation or differentiation. As used herein, a 
signaling pathway refers to the modulation (e.g., the stimulation or inhibition) of a 
cellular function/activity upon the binding of a ligand to the GPCR (LGR6 protein). In 
some embodiments, the LGR6 proteins of the invention may share the same ligands as 

10 LGR4 and LGR5 proteins. Examples of such functions include mobilization of 

intracellular molecules that participate in a signal transduction pathway, e.g., adenylate 
cyclase, or phosphatidylinositol 4,5-bisphosphate (PIP2X inositol 1,4,5-triphosphate 
(IP3); production or secretion of molecules; alteration in the structure of a cellular 
component; cell proliferation, e.g., synthesis of DNA; cell migration; cell attachment; 

1 5 cell differentiation; and cell survival. Since the LGR6 protein is expressed substantially 
in adipose tissues (e.g., brown fat), brain, heart, skeletal muscle, examples of cells 
participating in an LGR6 signaling pathway include adipose cells, brain cells, heart and 
skeletal muscle cells. 

Depending on the type of cell, the response mediated by the LGR6 protein/ligand 

20 binding may be different. For example, in some cells, binding of a ligand to an LGR6 
protein may stimulate an activity such as adhesion, migration, differentiation, and the 
like through cyclic AMP metabolism or phosphatidylinositol turnover. Regardless of 
the cellular activity modulated by LGR6, it is universal that as a GPCR, the LGR6 
protein interacts with a "G protein" to produce one or more secondary signals in a 

25 variety of intracellular signal transduction pathways, e.g. , through cyclic AMP 
metabolism or phosphatidylinositol turnover, in a cell. 

The term "G proteins" refers to a family of heterotrimeric proteins composed of 
a, P and y subunits, which bind guanine nucleotides. These proteins are usually linked 
to cell surface receptors, e.g., receptors containing seven transmembrane domains, such 

30 as the ligand receptors. Following ligand binding to the receptor, a conformational 

change is transmitted to the G protein, which causes the ct-subunit to exchange a bound 
GDP molecule for a GTP molecule and to dissociate from the Py-subunits. The GTP- 
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bound form of the a-subunit typically functions as an effector-modulating moiety, 
leading to the production of second messengers, such as cyclic AMP (e.g., by activation 
of adenylate cyclase), diacylglycerol or inositol phosphates. Greater than 20 different 
types of a-subunits are known in man, which associate with a smaller pool of p and y 
5 subunits. Examples of mammalian G proteins include Gi, Go, Gq, Gs and Gt. G 

proteins are described extensively in Lodish H. et al Molecular Cell Biology, (Scientific 
American Books Inc., New York, N.Y., 1995), the contents of which are incorporated 
herein by reference. 

Another signaling pathway in which the LGR6 protein may participate is the 

10 cAMP turnover pathway. As used herein, "cyclic AMP turnover and metabolism" 

includes molecules involved in the turnover and metabolism of cyclic AMP (cAMP), as 
well as to the activities of these molecules. Cyclic AMP is a second messenger 
produced in response to ligand induced stimulation of certain G protein coupled 
receptors. In the ligand signaling pathway, binding of ligand to a ligand receptor can 

15 lead to the activation of the enzyme adenylate cyclase, which catalyzes the synthesis of 
cAMP. The newly synthesized cAMP can in turn activate a cAMP-dependent protein 
kinase. cAMP pathways have been implicated in the regulation of thermogenesis and 
lipolysis in brown fat. 

As used herein, the phrase "phosphatidylinositol turnover and metabolism" 

20 includes the molecules involved in the turnover and metabolism of phosphatidylinositol 
4,5-bisphosphate (PIP2) as well as to the activities of these molecules. PIP2 is a 
phospholipid found in the cytosolic leaflet of the plasma membrane. Binding of a ligand 
to the LGR6 activates, in some cells, the plasma-membrane enzyme phospholipase C 
that in turn can hydrolyze PIP2 to produce 1,2-diacylglycerol (DAG) and inositol 1,4,5- 

25 triphosphate (IP3). Once formed IP3 can diffuse to the endoplasmic reticulum surface 
where it can bind an IP3 receptor. IP3 binding can induce opening of the channel, 
allowing calcium ions to be released into the cytoplasm. IP3 can also be phosphorylated 
by a specific kinase to form inositol 1,3,4,5-tetraphosphate (IP4), a molecule which can 
cause calcium entry into the cytoplasm from the extracellular medium. IP3 and IP4 can 

30 subsequently be hydrolyzed very rapidly to the inactive products inositol 1,4- 

biphosphate (IP2) and inositol 1,3,4-triphosphate, respectively. These inactive products 
can be recycled by the cell to synthesize PIP2- Th e other second messenger produced 
by the hydrolysis of PIP2, namely 1,2-diacylglycerol (DAG), remains in the cell 
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membrane where it can serve to activate the enzyme protein kinase C. Protein kinase C 
is usually found soluble in the cytoplasm of the cell, but upon an increase in the 
intracellular calcium concentration, this enzyme can move to the plasma membrane 
where it can be activated by DAG. The activation of protein kinase C in different cells 
5 results in various cellular responses such as the phosphorylation of glycogen synthase, 
or the phosphorylation of various transcription factors, e.g., NF-kB. The language 
"phosphatidylinositol activity", as used herein, includes an activity of PIP2 or one of its 
metabolites. 

In one embodiment, isolated proteins of the present invention, preferably LGR6 

10 proteins, have an amino acid sequence sufficiently homologous to the amino acid sequence 
of SEQ ID NO:8, or are encoded by a nucleotide sequence sufficiently homologous to SEQ 
ID NO:7 or SEQ ID NO:9. In yet another embodiment, isolated proteins of the present 
invention, preferably LGR6 proteins, have an amino acid sequence sufficiently 
homologous to the amino acid sequence of SEQ ID NO:l 1, or are encoded by a nucleotide 

1 5 sequence sufficiently homologous to SEQ ID NO: 1 0 or SEQ ID NO: 12. As used herein, 
the term "sufficiently homologous" refers to a first amino acid or nucleotide sequence 
which contains a sufficient or minimum number of identical or equivalent (e.g., an amino 
acid residue which has a similar side chain) amino acid residues or nucleotides to a second 
amino acid or nucleotide sequence such that the first and second amino acid or nucleotide 

20 sequences share common structural domains or motifs and/or a common functional 

activity. For example, amino acid or nucleotide sequences which share common structural 
domains have at least 60% homology, preferably 65% homology, more preferably 70%- 
80%, and even more preferably 90-95% homology across the amino acid sequences of the 
domains and contain at least one and preferably two structural domains or motifs, are 

25 defined herein as sufficiently homologous. Furthermore, amino acid or nucleotide 

sequences which share at least 60%, preferably 65%, more preferably 70-80%, or 90-95% 
homology and share a common functional activity are defined herein as sufficiently 
homologous. 

As used interchangeably herein, a "LGR6 activity", "biological activity of 
30 LGR6" or "functional activity of LGR6", refers to an activity exerted by an LGR6 
protein, polypeptide or nucleic acid molecule on an LGR6 responsive cell or on an 
LGR6 protein substrate, as determined in vivo, or in vitro, according to standard 
techniques. In one embodiment, an LGR6 activity is a direct activity, such as an 
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association with an LGR6-target molecule. As used herein, a "target molecule" or 
"binding partner" is a molecule with which an LGR6 protein binds or interacts in nature, 
such that LGR6-mediated function is achieved. An LGR6 target molecule can be a non- 
LGR6 molecule or an LGR6 protein or polypeptide of the present invention. In an 
5 exemplary embodiment, an LGR6 target molecule is a ligand or a G protein. 
Alternatively, an LGR6 activity is an indirect activity, such as a cellular signaling 
activity mediated by interaction of the LGR6 protein with a ligand or a G-protein. The 
biological activities of LGR6 are described herein. For example, the LGR6 proteins of 
the present invention can have one or more of the following activities: (1) interact with 

10 (e.g., bind to) an extracellular signal, e.g., a glycohormone, or a cell surface receptor; (2) 
mobilize an intracellular molecule that participates in a signal transduction pathway such 
as adenylate cyclase or phosphatidylinositol 4,5-bisphosphate (PIP2X inositol 1,4,5- 
triphosphate (IP3); (3) modulate cell attachment; (4) modulate neural development and 
maintenance; (5) modulate thermogenesis in adipocytes, e.g., brown adipocytes, or 

15 muscle; (6) modulate endocrine function; and (7) modulate cardiovascular activities. 

Accordingly, another embodiment of the invention features isolated LGR6 
proteins and polypeptides having an LGR6 activity. Preferred proteins are LGR6 
proteins having at least one extracellular domain, at least one leucine-rich repeat, at least 
one RGD-cell attachment site, at least one transmembrane domain and at least one 

20 cytoplasmic domain, and preferably, an LGR6 activity. Other preferred proteins are 
LGR6 proteins having at least one extracellular domain and, preferably, an LGR6 
activity. Other preferred proteins are LGR6 proteins having at least one leucine-rich 
repeat and, preferably, an LGR6 activity. Other preferred proteins are LGR6 proteins 
having at least one RGD-cell attachment site and, preferably, an LGR6 activity. Other 

25 preferred proteins are LGR6 proteins having at least one transmembrane domain and, 
preferably, an LGR6 activity. Other preferred proteins are LGR6 proteins having at 
least one cytoplasmic domain, and, preferably, an LGR6 activity. Other preferred 
proteins are LGR6 proteins having at least one extracellular domain, at least one 
leucine-rich repeat, at least one RGD-cell attachment site, at least one transmembrane 

30 domain and at least one cytoplasmic domain, and are, preferably, encoded by a nucleic 
acid molecule having a nucleotide sequence which hybridizes under stringent 
hybridization conditions to a nucleic acid molecule comprising the nucleotide sequence 
of SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO: 10 or SEQ ID NO: 12. 
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The nucleotide sequence of the isolated mouse LGR6 cDNA (clone 
ftmzb048hl0) and its predicted amino acid sequence are shown in Figure 1 and in SEQ 
ID NOs: 1 and 2, respectively. 

The mouse LGR6 cDNA (clone ftmzb048hl0) sequence (SEQ ID NO:l), which 
5 is approximately 3637 nucleotides long including untranslated regions, contains a 
predicted methionine-initiated coding sequence of about 2900 nucleotides (nucleotides 
222-3122 of SEQ ID NO:l; SEQ ID NO:3) which encodes a 967 amino acid protein 
(SEQ ID NO:2). The mouse LGR6 protein of SEQ ID NO:2 includes an amino-terminal 
hydrophobic amino acid sequence, consistent with a signal sequence, of about 23 amino 

10 acids (from amino acid 1 to about amino acid 23 of SEQ ED NO:2), which upon protease 
removal results in the production of the mature protein. 

The mature protein is approximately 944 amino acid residues in length (from 
about amino acid 24 to amino acid 967 of SEQ ID NO:2). Mouse LGR6 contains one 
long extracellular domain located at about amino acid residues 1-563 of SEQ ID NO:2; 

15 sixteen leucine-rich repeats (PF00560) are located at about amino acid residues 67 to 90, 
91 to 114, 115 to 138, 139 to 162, 163 to 186, 187 to 210, 211 to 234, 235 to 257, 258 to 
281, 282 to 305, 306 to 329, 330 to 352, 353 to 375, 376 to 398, 399 to 422, and 423 to 
446 of SEQ ID NO:2 of SEQ ID NO:2; one RGD cell attachment site is located at about 
amino acid residues 760-762 of SEQ ID NO:2; seven transmembrane domains which 

20 extend from about amino acid 564 (extracellular end) to about amino acid 590 

(cytoplasmic end) of SEQ ID NO:2; from about amino acid 598 (cytoplasmic end) to 
about amino acid 620 (extracellular end) of SEQ ID NO:2; from about amino acid 645 
(extracellular end) to about amino acid 669 (cytoplasmic end) of SEQ ID NO:2; from 
about amino acid 684 (cytoplasmic end) to about amino acid 704 (extracellular end); 

25 from about amino acid 731 (extracellular end) to about amino acid 751 (cytoplasmic 
end); from about amino acid 773 (cytoplasmic end) to about amino acid 798 
(extracellular end); and from about amino acid 812 (extracellular end) to about amino 
acid 834 (cytoplasmic end); three cytoplasmic loops found at about amino acids 591- 
597, 670-683, and 752-772 of SEQ ID NO:2; three extracellular loops found at about 

30 amino acid 62 1 -644, 705-730 and 799-8 1 1 of SEQ ID NO:2; and a C-terminal 

cytoplasmic domain is found at about amino acid residues 835-968 of SEQ ID NO:2. ). 

The mouse LGR6 protein (clone ftmzb048hl0 protein) additionally contains 
seven predicted protein kinase C phosphorylation sites (PS00005) from amino acids 1 9- 
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21, 115-1 17, 142-144, 163-165, 420-422, 685-687 and 844-846 of SEQ ID NO:2; five 
casein kinase II phosphorylation sites (PS00006) from amino acids acids 328-331, 707- 
710, 862-865, 874-877 and 910-913 of SEQ ID NO:2; one tyrosine kinase 
phosphorylation site (PS00007) from amino acid 469-475 of SEQ ID NO:2; twenty-one 
5 N-myristoylation sites (PS00008) from amino acids 45-50, 99-104, 107-1 12, 380-385, 
398-403, 483-488, 493-498, 513-518, 533-538, 563-568, 602-607, 612-617, 641-646, 
652-657, 684-689, 698-703, 886-891, 922-927, 942-947, 949-954 and 960-965 of SEQ 
ID NO:2; two N-glycosylation sites from about amino acids 77-80 and 208-21 1 of SEQ 
ID NO:2; and one glycosaminoglycan attachment site from about amino acids 638-641 

10 ofSEQIDNO:2. 

The nucleotide sequence of the isolated full length human LGR6 cDNA (clone 
Fbhl50881) and its predicted amino acid sequence are shown in Figure 14 and 15, and 
in SEQ ID NOs:10 and 1 1, respectively. 

The human LGR6 cDNA (clone 15088) sequence (SEQ ID NO: 10), which is 

1 5 approximately 3492 nucleotides long including untranslated regions, contains a 

predicted methionine-initiated coding sequence of about 2901 nucleotides (nucleotides 
104-3004 od SEQ ID NO: 10, SEQ ID NO: 12) which encodes a 968 amino acid protein 
(SEQ ID NO: 1 1). The human LGR6 protein of SEQ ID NO: 1 1 includes an amino- 
terminal hydrophobic amino acid sequence, consistent with a signal sequence, of about 

20 25 amino acids (from amino acid 1 to about amino acid 25 of SEQ ID NO:l 1), which 
upon protease removal results in the production of the mature protein. 

The mature protein is approximately 943 amino acid residues in length (from 
about amino acid 25 to amino acid 968 of SEQ ID NO:l 1). Human LGR6 is localized 
in the endoplasmic reticulum, the mitochondria, the vesicles of the secretory system and 

25 the Golgi. Human LGR6 contains sixteen leucine-rich repeats (PF00560) are located at 
about amino acid residues 67 to 90,91 to 114, 115 to 138, 139 to 162, 163 to 186, 187 
to 210, 21 1 to 234, 235 to 257, 258 to 281, 282 to 305, 306 to 329, 330 to 352, 353 to 
375, 376 to 398, 399 to 422, and 423 to 446 of SEQ ID NO:l 1 ; one RGD cell 
attachment site is located at about amino acid residues 760-762 of SEQ ID NO:l 1; six 

30 transmembrane domains which extend from about amino acid 566 (extracellular end) to 
about amino acid 590 (cytoplasmic end) of SEQ ID NO:l 1 ; from about amino acid 599 
(cytoplasmic end) to about amino acid 621 (extracellular end) of SEQ ID NO: 1 1 ; from 
about amino acid 646 (extracellular end) to about amino acid 665 (cytoplasmic end) of 
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SEQ ID NO:l 1; from about amino acid 688 (cytoplasmic end) to about amino acid 709 
(extracellular end) of SEQ ID NO:l 1 ; from about amino acid 728 (extracellular end) to 
about amino acid 752 (cytoplasmic end) of SEQ ID NO:l 1 ; and from about amino acid 
777 (cytoplasmic end) to about amino acid 801 (extracellular end) of SEQ ID NO: 1 1 . 
5 The human LGR6 protein (clone 1 5088) additionally contains six predicted 

protein kinase C phosphorylation sites (PS00005) from amino acids 19-21, 1 15-117, 
142-144, 163-165, 507-509 and 685-687 of SEQ ID NO:l 1; four casein kinase II 
phosphorylation sites (PS00006) from amino acids acids 328-331, 707-710, 862-865 and 
874-877of SEQ ID NO:l 1; two tyrosine kinase phosphorylation sites (PS00007) from 

10 amino acid 469-475 and 517-523 of SEQ ID NO:l 1; nineteen N-myristoylation sites 
(PS00008) from amino acids amino acids 45-50, 99-104, 107-112, 127-132, 380-385, 
483-488, 493-498, 563-568, 602-607, 612-617, 641-646, 652-657, 684-689, 698-703, 
725-730, 922-927942-947, 948-953 and 960-965 of SEQ ID NO: 1 1 ; two N- 
glycosylation sites from about amino acids 77-80 and 208-21 1 of SEQ ID NO: 1 1 ; and 

15 one glycosaminoglycan attachment site from about amino acids 951-954 of SEQ ID 
NO: 1 1 ; three prokaryotic membrane lipoprotein lipid attachment sitees from about 
amino acids 605-615, 663-673 and 894-904; one leucine zipper pattern from about 
amino acid 57-78; one C-terminal targeting signal from about amino acid 965-968; one 
Glycoprotein EGF-like Domain receptor from about amino acids 70-433. 

20 The nucleotide sequence of the isolated human LGR6 cDNA (clone fahr) and its 

predicted amino acid sequence are shown in Figures 4 and 5, and in SEQ ID NOs:4 and 
5, respectively. 

In one embodiment the human LGR6 cDNA (clone fahr) sequence (SEQ ID 
NO:l), which is approximately 2486 nucleotides long including untranslated regions, 

25 contains coding sequence of about 1 899 nucleotides (nucleotides 1 -1 899 of SEQ ID 
NO:4; SEQ ID NO:6) which encodes a 633 amino acid protein (SEQ ID NO:5). An 
alignment of clone fahr and clone ftmzb048hl0 is shown in Figure 7. 

The protein encoded by human LGR6 cDNA (clone fahr) is approximately 633 
amino acid residues in length (SEQ ID NO: 5) and contains two leucine-rich repeat 

30 located at about amino acid residues 64 to 87 and 88 to 1 1 1 of SEQ ID NO:5; one RGD 
cell attachment site is located at about amino acid residues 425-467 of SEQ ID NO:5; 
seven transmembrane domains which extend from about amino acid 230 (extracellular 
end) to about amino acid 256 (cytoplasmic end) of SEQ ID NO:5; from about amino 
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acid 264 (cytoplasmic end) to about amino acid 286 (extracellular end) of SEQ ID 
NO:5; from about amino acid 31 1 (extracellular end) to about amino acid 336 
(cytoplasmic end) of SEQ ID NO:5; from about amino acid 350 (cytoplasmic end) to 
about amino acid 370 (extracellular end) of SEQ ID NO:5; from about amino acid 397 
5 (extracellular end) to about amino acid 417 (cytoplasmic end) of SEQ ID NO:5; from 
about amino acid 440 (cytoplasmic end) to about amino acid 464 (extracellular end) of 
SEQ ID NO:5; and from about amino acid 478 (extracellular end) to about amino acid 
500 (cytoplasmic end); three cytoplasmic loops found at about amino acids 257-263, 
337-349 and 41 8-439 of SEQ ID NO:5; three extracellular loops found at about amino 

10 acid 287-310, 371-396 and 465-477 of SEQ IDNO:5; and a C-terminal cytoplasmic 
domain is found at about amino acid residues 501-633 of SEQ ID NO:5. 

The human LGR6 protein additionally contains three predicted protein kinase C 
phosphorylation sites (PS00005) from amino acids 52-54, 172-174 and 350-352 of SEQ 
ID NO:5; three casein kinase II phosphorylation sites (PS00006) from amino acids acids 

1 5 372-375, 527-530 and 539-542 of SEQ ID NO:5; two tyrosine kinase phosphorylation 
site (PS00007) from amino acid 134-140 and 1 82-1 88 of SEQ ID NO:5; fifteen N- 
myristoylation sites (PS00008) from amino acids 17-22, 148-153, 158-163, 228-233, 
267-272, 277-282, 306-31 1, 317-322, 349-354, 363-368, 390-395, 587-592, 607-612, 
613-618 and 625-630 of SEQ ID NO:5; two N-glycosylation sites from about amino 

20 acids 1-4 and 48-5 1 of SEQ ID NO:5; and one glycosaminoglycan attachment site from 
about amino acids 616-619 of SEQ ID NO:5. 

In another embodiment the human LGR6 cDNA (clone fahr) sequence (SEQ ID 
NO:7), which is approximately 271 1 nucleotides long including untranslated regions, 
contains coding sequence of about 2208 nucleotides (nucleotides 1-2208 of SEQ ID 

25 NO:7; SEQ ID NO:9) which encodes a 736 amino acid protein (SEQ ID NO:5). An 
alignment of the nucleotide sequences and amino acid sequences of clone fahr and clone 
ftmzb048hl0 is shown in Figures 12 and 13, respectively. 

The protein encoded by human LGR6 cDNA (SEQ ID NO:7) is approximately 
736 amino acid residues in length (SEQ ID NO:8) and contains leucine-rich repeat 

30 domains located at about amino acid residues 4-26, 27-50, 51-74, 75-97, 98-121, 122- 
143, 144-167, 168-191, and 192-215 of SEQ ID NO:8; one RGD cell attachment site is 
located at about amino acid residues 529-53 1 of SEQ ID NO:8; seven transmembrane 
domains which extend from about amino acid 333 (extracellular end) to about amino 
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acid 359 (cytoplasmic end) of SEQ ID NO:8; from about amino acid 367 (cytoplasmic 
end) to about amino acid 389 (extracellular end) of SEQ ID NO:8; from about amino 
acid 414 (extracellular end) to about amino acid 439 (cytoplasmic end) of SEQ ID 
NO: 8; from about amino acid 453 (cytoplasmic end) to about amino acid 473 
5 (extracellular end) of SEQ ID NO:8; from about amino acid 500 (extracellular end) to 
about amino acid 520 (cytoplasmic end) of SEQ ID NO:8; from about amino acid 543 
(cytoplasmic end) to about amino acid 567 (extracellular end) of SEQ ID NO:8; and 
from about amino acid 581 (extracellular end) to about amino acid 603 (cytoplasmic 
end) of SEQ ID NO:8; two 7 tm_l domains at about amino acid residues 404-43 1 and 

1 0 553-596 of SEQ ID NO:8; three cytoplasmic loops found at about amino acids 360-366, 
440-452 and 521-542 of SEQ ID NO:8; three extracellular loops found at about amino 
acid residues 390-413, 474-499 and 568-580 of SEQ ID NO:8; and a C-terminal 
cytoplasmic domain is found at about amino acid residues 604-736 of SEQ ID NO:8. 
The human LGR6 protein additionally contains two predicted protein kinase C 

1 5 phosphorylation sites (PS00005) from amino acids 276-278 and 454-456 of SEQ ID 
NO: 8; four casein kinase II phosphorylation sites (PS00006) from amino acids acids 97- 
100, 476-479, 631-634 and 643-646 of SEQ ID NO:8; two tyrosine kinase 
phosphorylation site (PS00007) from amino acids 238-244 and 286-292 of SEQ ID 
NO:8; fifteen N-myristoylation sites (PS00008) from amino acids acids 149-154, 252- 

20 257, 262-267, 332-337, 371-376, 381-386, 410-415, 421-426, 453-458, 467-472, 494- 
499, 691-696, 711-716, 717-722 and 729-734 of SEQ ID NO:8; and one 
glycosaminoglycan attachment site from about amino acids 720-723 of SEQ ID NO:8. 

For general information regarding PFAM identifiers, PS prefix and PF prefix 
domain identification numbers, refer to Sonnhammer et al (1997) Protein 28:405-420 

25 and http://www.psc.edu/general/ software/packages/pfam/pfam.html. 

As detected using a partial sequence of the mouse clone ftmzb048hl0 gene 
(clone jambbOldll), this gene is expressed in mouse brown fat (with undetectable levels 
of expression in white fat), with lower levels of expression detected in the mouse heart 
and the brain. In the developing mouse (embryonic day 17), the clone ftmzb048hl0 

30 gene is expressed in brown fat, smooth muscle of the heart vessel, smooth muscle of the 
bronchiole, epithelial-cell layer of the trachea, mesenchymal cell layer of the tooth, 
intravertebral disk and developing flat bone of the skull. In the adult mouse brain, this 
gene is expressed in the hypothalamus (arcuate nucleus and periventricular nucleus), 
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eppendymal cell layer of the third ventricle close to the arcuate nucleus region, the 
supraoptic nucleus, the cortex, hippocampus, paraventral, paracentral, medio-dorsal and 
intradorsal thalamic nuclei. 

In humans, the distribution of the LGR6 gene was found in decreasing order of 
5 abundance in the human heart, brain and skeletal muscle. 

The LGR6 nucleic acids and polypeptides of the invention may play roles in 
normal and pathological processes involving the cells and tissues that express them, or 
cells and tissues that contact said LGR6 polypeptides. For example, since LGR6 
molecules are expressed in the heart, as shown in Example 2, LGR6 molecules may be 

10 involved in cardiovascular disorders including, but not limited to, atherosclerosis, 
ischaemia reperfusion injury, cardiac hypertrophy, hypertension, coronary artery 
disease, myocardial infarction, arrythmia, cardiomyopathies, and congestive heart 
failure. Similarly, since the LGR6 molecules are expressed in adipose tissues, e.g., 
brown fat cells, these molecules may be involved in, for example, thermogenesis. 

1 5 Accordingly, the LGR6 molecules may be involved in weight disorders, including, e.g. , 
obesity, cachexia and anorexia. Similarly, the expression of LGR6 molecules in the 
human skeletal muscle suggests that these molecules may be involved in thermogenesis 
in humans. 

20 Various aspects of the invention are described in further detail in the following 

subsections: 

I, Isolated Nucleic Acid Molecules 

One aspect of the invention pertains to isolated nucleic acid molecules that 

25 encode LGR6 proteins or biologically active portions thereof, as well as nucleic acid 
fragments sufficient for use as hybridization probes to identify LGR6-encoding nucleic 
acid molecules (e.g., LGR6 mRNA) and fragments for use as PCR primers for the 
amplification or mutation of LGR6 nucleic acid molecules. As used herein, the term 
"nucleic acid molecule" is intended to include DNA molecules (e.g., cDNA or genomic 

30 DNA) and RNA molecules (e.g. , mRNA) and analogs of the DNA or RNA generated 
using nucleotide analogs. The nucleic acid molecule can be single-stranded or double- 
stranded, but preferably is double-stranded DNA. 
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An "isolated" nucleic acid molecule is one which is separated from other nucleic 
acid molecules which are present in the natural source of the nucleic acid. Preferably, 
an "isolated" nucleic acid is free of sequences which naturally flank the nucleic acid 
(i.e., sequences located at the 5' and 3 ! ends of the nucleic acid) in the genomic DNA of 
5 the organism from which the nucleic acid is derived. For example, in various 

embodiments, the isolated LGR6 nucleic acid molecule can contain less than about 5 kb, 
4kb, 3kb, 2kb, 1 kb, 0.5 kb or 0.1 kb of nucleotide sequences which naturally flank the 
nucleic acid molecule in genomic DNA of the cell from which the nucleic acid is 
derived. Moreover, an "isolated" nucleic acid molecule, such as a cDNA molecule, can 

1 0 be substantially free of other cellular material, or culture medium when produced by 
recombinant techniques, or substantially free of chemical precursors or other chemicals 
when chemically synthesized. 

A nucleic acid molecule of the present invention, e.g., a nucleic acid molecule 
having the nucleotide sequence of SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO: 10, SEQ 

15 ID NO: 1 2, or a portion thereof, can be isolated using standard molecular biology 

techniques and the sequence information provided herein. Using all or portion of the 
nucleic acid sequence of SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO: 10, SEQ ID NO: 12, 
as a hybridization probe, LGR6 nucleic acid molecules can be isolated using standard 
hybridization and cloning techniques (e.g., as described in Sambrook, J., Fritsh, E. F., 

20 and Maniatis, T. Molecular Cloning: A Laboratory Manual. 2nd, ed, Cold Spring 
Harbor Laboratory, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 
1989). 

Moreover, a nucleic acid molecule encompassing all or a portion of SEQ ID 
NO:7, SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:12, can be isolated by the 
25 polymerase chain reaction (PCR) using synthetic oligonucleotide primers designed 
based upon the sequence of SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO: 10, SEQ ID 
NO:12 

A nucleic acid of the invention can be amplified using cDNA, mRNA or 
alternatively, genomic DNA, as a template and appropriate oligonucleotide primers 
30 according to standard PCR amplification techniques. The nucleic acid so amplified can 
be cloned into an appropriate vector and characterized by DNA sequence analysis. 
Furthermore, oligonucleotides corresponding to LGR6 nucleotide sequences can be 
prepared by standard synthetic techniques, e.g., using an automated DNA synthesizer. 
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In yet another preferred embodiment, an isolated nucleic acid molecule of the 
invention comprises the nucleotide sequence shown in SEQ ED NO:7. The sequence of 
SEQ ID NO:7 corresponds to the human LGR6 cDNA (clone fahr cDNA). This cDNA 
comprises sequences encoding the human LGR6 protein (i.e., "the coding region", from 
5 nucleotides 1-2208), as well as 3' untranslated sequences (nucleotides 2209-271 1) of 
SEQ ID NO:7. Alternatively, the nucleic acid molecule can comprise only the coding 
region of SEQ ID NO:7 (e.g., nucleotides 1-2208, corresponding to SEQ ID NO:9). 

In yet another preferred embodiment, an isolated nucleic acid molecule of the 
invention comprises the nucleotide sequence shown in SEQ ID NO: 1 0. The sequence of 

10 SEQ ID NO: 1 0 corresponds to the full length nucleotide sequence of human LGR6 
(clone Fbhl50881). This sequence comprises sequences encoding the human LGR6 
protein (i.e., "the coding region" from nucleotides 104 to 3004 ), as well as 3 f 
untranslated sequences (nucleotides 1-103), as well as 5' untranslated sequences 
(nucleotides 3005-3492) of SEQ ID NO: 10. Alternatively, the nucleic acid molecule 

1 5 can comprise only the coding region of SEQ ID NO: 1 0 (e.g., nucleotides 1 04-3004, 
corresponding to SEQ ID NO: 12). 

In another preferred embodiment, an isolated nucleic acid molecule of the 
invention comprises a nucleic acid molecule which is a complement of the nucleotide 
sequence shown in SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:12, or a 

20 portion of any of these nucleotide sequences. A nucleic acid molecule which is 

complementary to the nucleotide sequence shown in SEQ ID NO:7, SEQ ID NO:9, SEQ 
ID NO:10, SEQ ID NO:12, is one which is sufficiently complementary to the nucleotide 
sequence shown in SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO: 1 0, SEQ ID NO: 1 2, such 
that it can hybridize to the nucleotide sequence shown in SEQ ID NO:7, SEQ ID NO:9, 

25 SEQ ID NO: 10, SEQ ID NO: 1 2, thereby forming a stable duplex. 

In still another preferred embodiment, an isolated nucleic acid molecule of the 
present invention comprises a nucleotide sequence which is at least about 60%, 65%, 
70%, 75%, 80%, 85%, 90%, 95% or more homologous to the entire length of the 
nucleotide sequence shown in SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO: 1 0, SEQ ID 

30 NO: 1 2, or a portion of any of these nucleotide sequences. 

A. LGR6 Nucleic Acid Fragments 
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Moreover, the nucleic acid molecule of the invention can comprise only a 
portion of the nucleic acid sequence of SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO:10, 
SEQ ID NO: 12, for example a fragment which can be used as a probe or primer or a 
fragment encoding a biologically active portion of an LGR6 protein, e.g., a fragment 
5 comprising nucleotides 422 to 563 of SEQ ED NO:l , which encodes a Ieucine-rich 
repeat of mouse LGR6. Alernatively, a fragment comprising nucleotides 192 to 362 of 
SEQ ID NO:4, which encodes a leucine-rich repeat of human LGR6 can be used. The 
nucleotide sequence determined from the cloning of the LGR6 gene allows for the 
generation of probes and primers designed for use in identifying and/or cloning other 

10 LGR6 family members, as well as LGR6 homologues from other species. 

The probe/primer typically comprises substantially purified oligonucleotide. The 
oligonucleotide typically comprises a region of nucleotide sequence that hybridizes 
under stringent conditions to at least about 12 to 15, preferably about 20 to 25, more 
preferably about 30, 35, 40, 45, 50, 55, 60, 65, or 75 consecutive nucleotides of a sense 

15 sequence of SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO: 10, SEQ ID NO: 12, of an anti- 
sense sequence of SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO:10, SEQ IDNO:12, or of 
a naturally occurring allelic variant or mutant of SEQ ID NO:7, SEQ ID NO:9, SEQ ID 
NO:10, SEQIDNO:12. 

In yet another embodiment, a nucleic acid molecule of the present invention 

20 comprises a nucleotide sequence which is 250-500, 500-750, 750-1000, 1000-1200, 
1200-1400, 1400-1600, 1600-1800, 1800-2000, 2000-2174, 2175, 2176-2200, 2200- 
2400, 2400-2600, 2600 or more nucleotides in length and hybridizes under stringent 
hybridization conditions to a nucleic acid molecule comprising SEQ ID NO:7, or SEQ 
IDNO:9. 

25 In yet another exemplary embodiment, a nucleic acid molecule of the present 

invention comprises a nucleotide sequence which is 1-50, 50-150, 150-250, 250-350, 
350-438, 439, 440, 450-500, 500-550, 537, 550-600, 600-650, 650-700, 700-750, 750- 
800, 800-850, 850-900, 950-1000, 1100-1200, 1200-1500, 1500-2000,2000-2500, 
2500-3000, 3000-3500 and 3500-3600 nucleotides in length and hybridizes under 

30 stringent hybridization conditions to a nucleic acid molecule of SEQ ID NO: 1 0, or is 1 - 
50, 50-150, 150-250, 250-350, 350-438, 439, 440, 450-500, 500-550, 537, 550-600, 
600-650, 650-700, 700-750, 750-800, 800-850, 850-900, 950-1000, 1100-1200, 1200- 
1500, 1500-2000, 2000-2500, 2500-3000, 3000-3500 and 3500-3600 nucleotides in 
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length and hybridizes under stringent hybridization conditions to a nucleic acid molecule 
ofSEQ IDNO:12. 

Probes based on the LGR6 nucleotide sequences can be used to detect transcripts 
or genomic sequences encoding the same or homologous proteins. In preferred 
5 embodiments, the probe further comprises a label group attached thereto, e.g., the label 
group can be a radioisotope, a fluorescent compound, an enzyme, or an enzyme co- 
factor. Such probes can be used as a part of a diagnostic test kit for identifying cells or 
tissue which misexpress an LGR6 protein, such as by measuring a level of an LGR6- 
encoding nucleic acid in a sample of cells from a subject e.g., detecting LGR6 mRNA 

10 levels or determining whether a genomic LGR6 gene has been mutated or deleted. 

A nucleic acid fragment encoding a "biologically active portion of an LGR6 
protein" can be prepared by isolating a portion of the nucleotide sequence of SEQ ID 
NO:7, SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:12, which encodes a polypeptide 
having an LGR6 biological activity (the biological activities of the LGR6 proteins are 

1 5 described herein), expressing the encoded portion of the LGR6 protein (e.g., by 

recombinant expression in vitro) and assessing the activity of the encoded portion of the 
LGR6 protein. 

For example, a nucleic acid fragment encoding a biologically active portion of 
LGR6 includes one or more of a leucine-rich repeat, e.g., amino acid residues 67 to 90, 

20 91 to 114, 115 to 138, 139 to 162, 163 to 186, 187 to 210, 211 to 234, 235 to 257, 258 to 
281, 282 to 305, 306 to 329, 330 to 352, 353 to 375, 376 to 398, 399 to 422, and 423 to 
446 of SEQ ID NO:2; an RGD cell attachment site, e.g., amino acid residues 760-762 of 
SEQ ID NO:2; a transmembrane domain, e.g., amino acid 566-588, 599-621, 655-674 of 
SEQ ID NO:2; an N-myristoylation sites from about amino acids 45-50, 99-104, 107- 

25 1 12, 380-385, 398-403, 483-488, 493-498, 513-518, 533-538, 563-568, 602-607, 612- 
617, 641-646, 652-657, 684-689, 698-703, 886-891, 922-927, 942-947, 949-954 and 
960-965 of SEQ ID NO:2; a protein kinase C phosphorylation site, for example, from 
amino acids 19-21, 115-117, 142-144, 163-165,420-422, 685-687 and 844-846 of SEQ 
ID NO:2; a casein kinase II phosphorylation site, for example, from amino acids 

30 328331, 707-710, 862-865 of SEQ ID NO:2; a tyrosine kinase phosphorylation site, for 
example, from amino acid 469-475, of SEQ ID NO:2; an N-glycosylation site; for 
example, from amino acids 77-80 and 208-21 1 of SEQ ID NO:2; and a 
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glycoaminoglycan attachment site, for example, from amino acid 638-641, of SEQ ID 
NO:2. 

B. LGR6 Nucleic Acid Variants 
5 The invention further encompasses nucleic acid molecules that differ from the 

nucleotide sequence shown SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO: 10, SEQ ID 
NO: 12, due to degeneracy of the genetic code and thus encode the same LGR6 proteins 
as those encoded by the nucleotide sequence shown in SEQ ID NO:7, SEQ ID NO:9, 
SEQ ID NO:10, SEQ ID NO:12. In another embodiment, an isolated nucleic acid 

1 0 molecule of the invention has a nucleotide sequence encoding a protein having an amino 
acid sequence shown in SEQ ID NO:8 or SEQ ID NO: 1 1 . 

In addition to the LGR6 nucleotide sequences shown in SEQ ID NO:7, SEQ ID 
NO:9, SEQ ID NO:10, SEQ ID NO:12, it will be appreciated by those skilled in the art 
that DNA sequence polymorphisms that lead to changes in the amino acid sequences of 

1 5 the LGR6 proteins may exist within a population (e.g. , the human population). Such 
genetic polymorphism in the LGR6 genes may exist among individuals within a 
population due to natural allelic variation. As used herein, the terms "gene" and 
"recombinant gene" refer to nucleic acid molecules which include an open reading frame 
encoding an LGR6 protein, preferably a mammalian LGR6 protein, and can further 

20 include non-coding regulatory sequences, and introns. 

Allelic variants of human LGR6 include both functional and non-functional 
LGR6 proteins. Functional allelic variants are naturally occurring amino acid sequence 
variants of the human LGR6 protein that maintain the ability to bind an LGR6 ligand 
and/or modulate any of the LGR6 activities described herein. Functional allelic variants 

25 will typically contain only conservative substitution of one or more amino acids of SEQ 
ID NO:8, or SEQ ID NO:l 1, or substitution, deletion or insertion of non-critical residues 
in non-critical regions of the protein. 

Non-functional allelic variants are naturally occurring amino acid sequence 
variants of the human LGR6 protein that do not have the ability to either bind an LGR6 

30 target, e.g. , an enzyme and/or modulate any of the LGR6 activities described herein. 
Non-functional allelic variants will typically contain a non-conservative substitution, a 
deletion, or insertion or premature truncation of the amino acid sequence of SEQ ID 
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NO:8, or SEQ ID NO:l 1, or a substitution, insertion or deletion in critical residues or 
critical regions. 

The present invention further provides non-human orthologues of the human 
LGR6 protein. Orthologues of the human LGR6 protein are proteins that are isolated 
5 from non-human organisms and possess the same LGR6 target binding and/or 

modulation of signalling mechanisms of the human LGR6 protein. Orthologues of the 
human LGR6 protein can readily be identified as comprising an amino acid sequence 
that is substantially homologous to SEQ ID NO:8 or SEQ ID NO:l 1 . 

Moreover, nucleic acid molecules encoding other LGR6 family members and, 

10 thus, which have a nucleotide sequence which differs from the LGR6 sequences of SEQ 
ID NO:7, SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:12, are intended to be within the 
scope of the invention. For example, another LGR6 cDNA can be identified based on 
the nucleotide sequence of human LGR6. Moreover, nucleic acid molecules encoding 
LGR6 proteins from different species, and thus which have a nucleotide sequence which 

1 5 differs from the LGR6 sequences of SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO: 1 0, SEQ 
ID NO: 12, are intended to be within the scope of the invention. For example, a mouse 
LGR6 cDNA can be identified based on the nucleotide sequence of a human LGR6. 

Nucleic acid molecules corresponding to natural allelic variants and homologues 
of the LGR6 cDNAs of the invention can be isolated based on their homology to the 

20 LGR6 nucleic acids disclosed herein using the cDNAs disclosed herein, or a portion 
thereof, as a hybridization probe according to standard hybridization techniques under 
stringent hybridization conditions. 

Accordingly, in another embodiment, an isolated nucleic acid molecule of the 
invention is at least 15, 20, 25, 30 or more nucleotides in length and hybridizes under 

25 stringent conditions to the nucleic acid molecule comprising the nucleotide sequence of 
SEQ ID NO: 10, SEQ ID NO: 12. In other embodiment, the nucleic acid is at least 30, 
50, 100, 150, 200, 250, 300, 307, 350, 400, 450, 500, 550, 600, 650, 700, 750, 800, 850, 
900, 950, 1000, 1100, 1200, 1300, 1400, 1500, 1600, 1700, 1800, 1900,2000, 2200, 
2400, 2600, 2800, 3000, 3200, 3400, 3500 or 3600 nucleotides in length. As used 

30 herein, the term "hybridizes under stringent conditions" is intended to describe 

conditions for hybridization and washing under which nucleotide sequences at least 60% 
homologous to each other typically remain hybridized to each other. Preferably, the 
conditions are such that sequences at least about 70%, more preferably at least about 
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80%, even more preferably at least about 85% or 90% homologous to each other 
typically remain hybridized to each other. Such, stringent conditions are known to those 
skilled in the art and can be found in Current Protocols in Molecular Biology, John 
Wiley & Sons, N.Y. (1989), 6.3.1-6.3.6. A preferred, non-limiting example of stringent 
5 hybridization conditions are hybridization in 6X sodium chloride/sodium citrate (SSC) 
at about 45°C, followed by one or more washes in 0.2 X SSC, 0.1% SDS at 50°C, 
preferably at 55°C, and more preferably at 60°C or 65°C. Preferably, an isolated nucleic 
acid molecule of the invention that hybridizes under stringent conditions to the sequence 
of SEQ ID NO:7 or SEQ ID NO: 10, corresponds to a naturally-occurring nucleic acid 

1 0 molecule. As used herein, a "nasally-occurring" nucleic acid molecule refers to an 
UNA or DNA molecule having a nucleotide sequence that occurs in nature (e.g., 
encodes a natural protein). 

In addition to naturaUy-occurring allelic variants of the LGR6 sequences that 
may exist in the population, the skilled artisan will further appreciate that changes can 

15 be introduced by mutation into the nucleotide sequences of SEQ ID NO:7, SEQ ID 
NO:9, SEQ ID NO:10, SEQ ID NO:12, thereby leading to changes in the amino acid 
sequence of the encoded LGR6 proteins, without altering the functional ability of the 
LGR6 proteins. For example, nucleotide substitutions leading to amino acid 
substitutions at "non-essential" amino acid residues can be made in the sequence of SEQ 

20 ID NO:7, SEQ ID NO:9, SEQ ID NO: 10, SEQ ID NO: 12. A "non-essential" amino acid 
residue is a residue that can be altered from the wild-type sequence of LGR6 (e.g., the 
sequence of SEQ ID NO:8 or SEQ ID NO:l 1,) without altering the biological activity, 
whereas an "essential" amino acid residue is required for biological activity. For 
example, amino acid residues that are conserved among the LGR6 proteins of the 

25 present invention, are predicted to be particularly unamenable to alteration. 

Furthermore, additional amino acid residues that are conserved between the LGR6 
proteins of the present invention and other members of the LGR6 families are not likely 
to be amenable to alteration. 

Accordingly, another aspect of the invention pertains to nucleic acid molecules 

30 encoding LGR6 proteins that contain changes in amino acid residues that are not 

essential for activity. Such LGR6 proteins differ in amino acid sequence from SEQ ID 
NO:8, or SEQ ID NO:l 1, yet retain biological activity. In one embodiment, the isolated 
nucleic acid molecule comprises a nucleotide sequence encoding a protein, wherein the 
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protein comprises an amino acid sequence at least about 60%, 65%, 70%, 75%, 80%, 
85%, 90%, 95% or more homologous to SEQ ID NO:8 or SEQ ID NO: 1 1 . 

An isolated nucleic acid molecule encoding an LGR6 protein homologous to the 
protein of SEQ ID NO:8 or SEQ ID NO: 1 1 can be created by introducing one or more 
5 nucleotide substitutions, additions or deletions into the nucleotide sequence of SEQ ID 
NO:7, SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:12, such that one or more amino acid 
substitutions, additions or deletions are introduced into the encoded protein. Mutations 
can be introduced into SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO: 1 0, SEQ ID NO: 12, 
by standard techniques, such as site-directed mutagenesis and PCR-mediated 
10 mutagenesis. 

Preferably, conservative amino acid substitutions are made at one or more 
predicted non-essential amino acid residues. A "conservative amino acid substitution" is 
one in which the amino acid residue is replaced with an amino acid residue having a 
similar side chain. Families of amino acid residues having similar side chains have been 

15 defined in the art. These families include amino acids with basic side chains (e.g., 
lysine, arginine, histidine), acidic side chains (e.g., aspartic acid, glutamic acid), 
uncharged polar side chains (e.g., glycine, asparagine, glutamine, serine, threonine, 
tyrosine, cysteine), nonpolar side chains (e.g., alanine, valine, leucine, isoleucine, 
proline, phenylalanine, methionine, tryptophan), beta-branched side chains (e.g., 

20 threonine, valine, isoleucine) and aromatic side chains (e.g., tyrosine, phenylalanine, 
tryptophan, histidine). Thus, a predicted nonessential amino acid residue in an LGR6 
protein is preferably replaced with another amino acid residue from the same side chain 
family. Alternatively, in another embodiment, mutations can be introduced randomly 
along all or part of an LGR6 coding sequence, such as by saturation mutagenesis, and 

25 the resultant mutants can be screened for LGR6 biological activity to identify mutants 
that retain activity. Following mutagenesis of SEQ ID NO:7, SEQ ID NO:9, SEQ ID 
NO:10, SEQ ID NO: 12, the encoded protein can be expressed recombinantly and the 
activity of the protein can be determined. 

In a preferred embodiment, a mutant LGR6 protein can be assayed for the ability 

30 to (1) interact with a non-LGR6 protein molecule, e.g. , an extracellular signal, (e.g. , a 
glycohormone) or a cell surface receptor, (e.g., an integrin); (2) mobilize an intracellular 
molecule that participates in a signal transduction pathway (e.g., adenylate cyclase or 
phosphatidylinositol 4,5-bisphosphate (PIP2), inositol 1,4,5-triphosphate (IP3)); (3) 
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modulate cell attachment; (4) modulate neural development and maintenance; (5) 
modulate thermogenesis in adipocytes, e.g., brown adipocytes, or muscle; (6) modulate 
endocrine function; and (7) modulate cardiovascular activities 

5 C. Antisense LGR6 Nucleic Acid Molecules 

In addition to the nucleic acid molecules encoding LGR6 proteins described 
above, another aspect of the invention pertains to isolated nucleic acid molecules which 
are antisense thereto. An "antisense" nucleic acid comprises a nucleotide sequence 
which is complementary to a "sense" nucleic acid encoding a protein, e.g., 

10 complementary to the coding strand of a double-stranded cDNA molecule or 

complementary to an mRNA sequence. Accordingly, an antisense nucleic acid can 
hydrogen bond to a sense nucleic acid. The antisense nucleic acid can be 
complementary to an entire LGR6 coding strand, or to only a portion thereof. In one 
embodiment, an antisense nucleic acid molecule is antisense to a "coding region" of the 

1 5 coding strand of a nucleotide sequence encoding LGR6. The term "coding region" 
refers to the region of the nucleotide sequence comprising codons which are translated 
into amino acid residues (e.g., the coding region of human LGR6 corresponds to SEQ 
ID NO:6, SEQ ID NO:9 or SEQ ID NO: 12). In another embodiment, the antisense 
nucleic acid molecule is antisense to a "noncoding region" of the coding strand of a 

20 nucleotide sequence encoding LGR6. The term "noncoding region" refers to 5' and 3' 
sequences which flank the coding region that are not translated into amino acids (i.e., 
also referred to as 5' and 3' untranslated regions). 

Given the coding strand sequences encoding LGR6 disclosed herein (e.g., SEQ 
ID NO:9 or SEQ ID NO: 12), antisense nucleic acids of the invention can be designed 

25 according to the rules of Watson and Crick base pairing. The antisense nucleic acid 
molecule can be complementary to the entire coding region of LGR6 mRNA, but more 
preferably is an oligonucleotide which is antisense to only a portion of the coding or 
noncoding region of LGR6 mRNA. An antisense oligonucleotide can be, for example, 
about 5, 10, 15, 20, 25, 30, 35, 40, 45 or 50 nucleotides in length. An antisense nucleic 

30 acid of the invention can be constructed using chemical synthesis and enzymatic ligation 
reactions using procedures known in the art. For example, an antisense nucleic acid 
(e.g., an antisense oligonucleotide) can be chemically synthesized using naturally 
occurring nucleotides or variously modified nucleotides designed to increase the 
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biological stability of the molecules or to increase the physical stability of the duplex 
formed between the antisense and sense nucleic acids, e.g., phosphorothioate derivatives 
and acridine substituted nucleotides can be used. Examples of modified nucleotides 
which can be used to generate the antisense nucleic acid include 5-fluorouracil, 5- 
5 bromouracil, 5-chlorouracil, 5-iodouracil, hypoxanthine, xantine, 4-acetylcytosine, 5- 
(carboxyhydroxylmethyl) uracil, 5-carboxymethylaminomethyl-2-thiouridine, 5- 
carboxymethylaminomethyluracil, dihydrouracil, beta-D-galactosylqueosine, inosine, 
N6-isopentenyladenine, 1-methylguanine, l-methylinosine,2,2-dimethylguanine, 2- 
methyladenine, 2-methylguanine, 3-methylcytosine, 5-methylcytosine, N6-adenine, 7- 

10 methylguanine, 5-methylaminomethyluracil, 5-methoxyaminomethyl-2-thiouracil, beta- 
D-mannosylqueosine, 5'-methoxycarboxymethyluracil, 5-methoxyuracil, 2-methylthio- 
N6-isopentenyladenine, uracil-5-oxyacetic acid (v), wybutoxosine, pseudouracil, 
queosine, 2-thiocytosine, 5-methyl-2-thiouracil, 2-thiouracil, 4-thiouracil, 5- 
methyluracil, uracil-5- oxyacetic acid methylester, uracil-5-oxyacetic acid (v), 5-methyl- 

15 2-thiouracil, 3-(3-amino-3-N-2-carboxypropyl) uracil, (acp3)w, and 2,6-diaminopurine. 
Alternatively, the antisense nucleic acid can be produced biologically using an 
expression vector into which a nucleic acid has been subcloned in an antisense 
orientation (i.e., RNA transcribed from the inserted nucleic acid will be of an antisense 
orientation to a target nucleic acid of interest, described further in the following 

20 subsection). 

The antisense nucleic acid molecules of the invention are typically administered 
to a subject or generated in situ such that they hybridize with or bind to cellular mRNA 
and/or genomic DNA encoding an LGR6 protein to thereby inhibit expression of the 
protein, e.g., by inhibiting transcription and/or translation. The hybridization can be by 

25 conventional nucleotide complementarity to form a stable duplex, or, for example, in the 
case of an antisense nucleic acid molecule which binds to DNA duplexes, through 
specific interactions in the major groove of the double helix. An example of a route of 
administration of antisense nucleic acid molecules of the invention include direct 
injection at a tissue site. Alternatively, antisense nucleic acid molecules can be modified 

30 to target selected cells and then administered systemically. For example, for systemic 
administration, antisense molecules can be modified such that they specifically bind to 
receptors or antigens expressed on a selected cell surface, e.g., by linking the antisense 
nucleic acid molecules to peptides or antibodies which bind to cell surface receptors or 



WO 01/85768 PCT/US01/15002 

-47- 

antigens. The antisense nucleic acid molecules can also be delivered to cells using the 
vectors described herein. To achieve sufficient intracellular concentrations of the 
antisense molecules, vector constructs in which the antisense nucleic acid molecule is 
placed under the control of a strong pol II or pol III promoter are preferred. 
5 In yet another embodiment, the antisense nucleic acid molecule of the invention 

is an a-anomeric nucleic acid molecule. An a-anomeric nucleic acid molecule forms 
specific double-stranded hybrids with complementary RNA in which, contrary to the 
usual p-units, the strands run parallel to each other (Gaultier et al (1 987) Nucleic Acids. 
Res. 15:6625-6641). The antisense nucleic acid molecule can also comprise a 2 f -o- 
10 methylribonucleotide (Inoue et al (1987) Nucleic Acids Res. 15:6131-6148) or a 
chimeric RNA-DNA analogue (Inoue et al (1987) FEBSLett. 215:327-330). 

D. LGR6-Specific Ribozymes 

In still another embodiment, an antisense nucleic acid of the invention is a 

1 5 ribozyme. Ribozymes are catalytic RNA molecules with ribonuclease activity which are 
capable of cleaving a single-stranded nucleic acid, such as an mRNA, to which they 
have a complementary region. Thus, ribozymes {e.g., hammerhead ribozymes 
(described in Haselhoff and Gerlach (1988) Nature 334:585-591)) can be used to 
catalytically cleave LGR6 mRNA transcripts to thereby inhibit translation of LGR6 

20 mRNA. A ribozyme having specificity for an LGR6-encoding nucleic acid can be 

designed based upon the nucleotide sequence of an LGR6 cDNA disclosed herein {i.e. , 
SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO: 12. For example, a 
derivative of a Tetrahymena L-19 IVS RNA can be constructed in which the nucleotide 
sequence of the active site is complementary to the nucleotide sequence to be cleaved in 

25 an LGR6-encoding mRNA. See, e.g., Cech et al U.S. Patent No. 4,987,071 ; and Cech 
etal U.S. Patent No. 5,116,742. Alternatively, LGR6 mRNA can be used to select a 
catalytic RNA having a specific ribonuclease activity from a pool of RNA molecules. 
See, e.g., Bartel, D. and Szostak, J.W. (1993) Science 261:1411-1418. 

Alternatively, LGR6 gene expression can be inhibited by targeting nucleotide 

30 sequences complementary to the regulatory region of the LGR6 (e.g. , the LGR6 

promoter and/or enhancers) to form triple helical structures that prevent transcription of 
the LGR6 gene in target cells. See generally, Helene, C. (1991) Anticancer Drug Des. 
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6(6):569-84; Helene, C. et al. (1992) Ann. N. Y. Acad Sci. 660:27-36; and Maher, L.J. 
(1992) Bioassays 14(12):807-15. 



E. Modified LGR6 Nucleic Acid Molecules 
5 In yet another embodiment, the LGR6 nucleic acid molecules of the present 

invention can be modified at the base moiety, sugar moiety or phosphate backbone to 
improve, e.g., the stability, hybridization, or solubility of the molecule. For example, 
the deoxyribose phosphate backbone of the nucleic acid molecules can be modified to 
generate peptide nucleic acids (see Hyrup B. et al. (1996) Bioorganic & Medicinal 

10 Chemistry 4 (1): 5-23). As used herein, the terms "peptide nucleic acids" or "PNAs" 
refer to nucleic acid mimics, e.g., DNA mimics, in which the deoxyribose phosphate 
backbone is replaced by a pseudopeptide backbone and only the four natural 
nucleobases are retained. The neutral backbone of PNAs has been shown to allow for 
specific hybridization to DNA and RNA under conditions of low ionic strength. The 

1 5 synthesis of PNA oligomers can be performed using standard solid phase peptide 
synthesis protocols as described in Hyrup B. et al. (1 996) supra; Perry-O'Keefe et al 
Proc. Natl Acad ScL 93: 14670-675. 

PNAs of LGR6 nucleic acid molecules can be used in therapeutic and diagnostic 
applications. For example, PNAs can be used as antisense or antigene agents for 

20 sequence-specific modulation of gene expression by, for example, inducing transcription 
or translation arrest or inhibiting replication. PNAs of LGR6 nucleic acid molecules can 
also be used in the analysis of single base pair mutations in a gene, (e.g., by PNA- 
directed PCR clamping); as 'artificial restriction enzymes' when used in combination 
with other enzymes, (e.g. , S 1 nucleases (Hyrup B. (1 996) supra)); or as probes or 

25 primers for DNA sequencing or hybridization (Hyrup B. et al (1 996) supra; Perry- 
O'Keefe supra). 

In another embodiment, PNAs of LGR6 can be modified, (e.g., to enhance their 
stability or cellular uptake), by attaching lipophilic or other helper groups to PNA, by 
the formation of PNA-DNA chimeras, or by the use of liposomes or other techniques of 
30 drug delivery known in the art. For example, PNA-DNA chimeras of LGR6 nucleic 
acid molecules can be generated which may combine the advantageous properties of 
PNA and DNA. Such chimeras allow DNA recognition enzymes, (e.g. , RNAse H and 
DNA polymerases), to interact with the DNA portion while the PNA portion would 
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provide high binding affinity and specificity. PNA-DNA chimeras can be linked using 
linkers of appropriate lengths selected in terms of base stacking, number of bonds 
between the nucleobases, and orientation (Hyrup B. (1996) supra). The synthesis of 
PNA-DNA chimeras can be performed as described in Hyrup B. (1996) supra and Finn 
5 P.J. et al (1 996) Nucleic Acids Res, 24 (1 7): 3357-63 . For example, a DNA chain can 
be synthesized on a solid support using standard phosphoramidite coupling chemistry 
and modified nucleoside analogs, e.g., 5 , -(4-methoxytrityl)amino-5 , -deoxy-thymidine 
phosphoramidite, can be used as a between the PNA and the 5' end of DNA (Mag, M. et 
al (1989) Nucleic Acid Res. 17: 5973-88). PNA monomers are then coupled in a 

10 stepwise manner to produce a chimeric molecule with a 5' PNA segment and a 3 1 DNA 
segment (Finn PJ. et al. (1996) supra). Alternatively, chimeric molecules can be 
synthesized with a 5 1 DNA segment and a 3' PNA segment (Peterser, K.H. et al (1975) 
Bioorganic Med. Chem. Lett. 5: 1119-11124). 

In other embodiments, the oligonucleotide may include other appended groups 

15 such as peptides (e.g., for targeting host cell receptors in vivo), or agents facilitating 
transport across the cell membrane (see, e.g., Letsinger et al (1989) Proc. Natl Acad. 
Sci. US 86:6553-6556; Lemaitre et al (1987) Proc. Natl. Acad. Sci. USA 84:648-652; 
PCT Publication No. W088/09810) or the blood-brain barrier (see, e.g., PCT Publication 
No. W089/10134). In addition, oligonucleotides can be modified with hybridization- 

20 triggered cleavage agents (See, e.g., Krol et al (1988) Bio-Techniques 6:958-976) or 
intercalating agents. (See, e.g., Zon (1988) Pharm. Res. 5:539-549). To this end, the 
oligonucleotide may be conjugated to another molecule, (e.g., a peptide, hybridization 
triggered cross-linking agent, transport agent, or hybridization-triggered cleavage agent). 
Alternatively, the expression characteristics of an endogenous LGR6 gene within 

25 a cell line or microorganism may be modified by inserting a heterologous DNA 

regulatory element into the genome of a stable cell line or cloned microorganism such 
that the inserted regulatory element is operatively linked with the endogenous LGR6 
gene. For example, an endogenous LGR6 gene which is normally '^transcriptionally 
silent", i.e., a LGR6 gene which is normally not expressed, or is expressed only at very 

30 low levels in a cell line or microorganism, may be activated by inserting a regulatory 
element which is capable of promoting the expression of a normally expressed gene 
product in that cell line or microorganism. Alternatively, a transcriptionally silent, 
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endogenous LGR6 gene may be activated by insertion of a promiscuous regulatory 
element that works across cell types. 

A heterologous regulatory element may be inserted into a stable cell line or 
cloned microorganism, such that it is operatively linked with an endogenous LGR6 
5 gene, using techniques, such as targeted homologous recombination, which are well 
known to those of skill in the art, and described, e.g. , in Chappel, U.S. Patent No. 
5,272,071; PCT publication No. WO 91/06667, published May 16, 1991. 

II. Isolated LGR6 Proteins 

10 One aspect of the invention pertains to isolated LGR6 proteins, and biologically 

active portions thereof, as well as polypeptide fragments suitable for use as immunogens 
to raise anti-LGR6 antibodies. In one embodiment, native LGR6 proteins can be 
isolated from cells or tissue sources by an appropriate purification scheme using 
standard protein purification techniques. In another embodiment, LGR6 proteins are 

15 produced by recombinant DNA techniques. Alternative to recombinant expression, an 
LGR6 protein or polypeptide can be synthesized chemically using standard peptide 
synthesis techniques. 

An "isolated" or "purified" protein or biologically active portion thereof is 
substantially free of cellular material or other contaminating proteins from the cell or 

20 tissue source from which the LGR6 protein is derived, or substantially free from 
chemical precursors or other chemicals when chemically synthesized. The language 
"substantially free of cellular material" includes preparations of LGR6 protein in which 
the protein is separated from cellular components of the cells from which it is isolated or 
recombinantly produced. In one embodiment, the language "substantially free of 

25 cellular material" includes preparations of LGR6 protein having less than about 30% (by 
dry weight) of non-LGR6 protein (also referred to herein as a "contaminating protein"), 
more preferably less than about 20% of non-LGR6 protein, still more preferably less 
than about 10% of non-LGR6 protein, and most preferably less than about 5% non- 
LGR6 protein. When the LGR6 protein or biologically active portion thereof is 

30 recombinantly produced, it is also preferably substantially free of culture medium, i.e., 
culture medium represents less than about 20%, more preferably less than about 10%, 
and most preferably less than about 5% of the volume of the protein preparation. 
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The language "substantially free of chemical precursors or other chemicals" 
includes preparations of LGR6 protein in which the protein is separated from chemical 
precursors or other chemicals which are involved in the synthesis of the protein. In one 
embodiment, the language "substantially free of chemical precursors or other chemicals" 
5 includes preparations of LGR6 protein having less than about 30% (by dry weight) of 
chemical precursors or non-LGR6 chemicals, more preferably less than about 20% 
chemical precursors or non-LGR6 chemicals, still more preferably less than about 10% 
chemical precursors or non-LGR6 chemicals, and most preferably less than about 5% 
chemical precursors or non-LGR6 chemicals. 

10 As used herein, a "biologically active portion" of an LGR6 protein includes a 

fragment of an LGR6 protein which participates in an interaction between an LGR6 
molecule and a non-LGR6 molecule. Biologically active portions of an LGR6 protein 
include peptides comprising amino acid sequences sufficiently homologous to or 
derived from the amino acid sequence of the LGR6 protein, e.g., the amino acid 

1 5 sequence shown in SEQ ID NO:8, or SEQ ID NO: 1 1 , which include less amino acids 
than the full length LGR6 proteins, and exhibit at least one activity of an LGR6 protein. 
Typically, biologically active portions comprise a domain or motif with at least one 
activity of the LGR6 protein, e.g., regulating reduction of a disulfide bond. A 
biologically active portion of an LGR6 protein can be a polypeptide which is, for 

20 example, 10, 25, 50, 100, 200 or 250 amino acids in length. Biologically active portions 
of an LGR6 protein can be used as targets for developing agents which modulate an 
LGR6 protein mediated activity. 

In one embodiment, a biologically active portion of an LGR6 protein comprises 
at least one transmembrane domain. In another embodiment, a biologically active 

25 portion of an LGR6 comprises at least one extracellular domain. In yet another 

embodiment, a biologically active portion of an LGR6 protein comprises at least one 
leucine-rich repeat. In yet another embodiment a biologically active portion of an LGR6 
protein comprises at least one extracellular domain, at least one transmembrane domain 
and at least one leucine-rich repeat. 

30 It is to be understood that a preferred biologically active portion of an LGR6 

protein of the present invention may contain at least one of the above-identified 
structural domains. A more preferred biologically active portion of an LGR6 protein 
may contain at least two of the above-identified structural domains. Moreover, other 
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biologically active portions, in which other regions of the protein are deleted, can J>e 
prepared by recombinant techniques and evaluated for one or more of the functional 
activities of a native LGR6 protein. 

In a preferred embodiment, the LGR6 protein has an amino acid sequence shown 
5 in SEQ ID NO:8 or SEQ ID NO: 1 1 . In other embodiments, the LGR6 protein is 

substantially homologous to SEQ ID NO:8 or SEQ ID NO:l 1, and retains the functional 
activity of the protein of SEQ ID NO:8 or SEQ ID NO: 11., yet differs in amino acid 
sequence due to natural allelic variation or mutagenesis, as described in detail in 
subsection I above. Accordingly, in another embodiment, the LGR6 protein is a protein 

10 which comprises an amino acid sequence at least about 60%, 65%, 70%, 75%, 80%, 
85%, 90%, 95% or more homologous to SEQ ID NO:8 or SEQ ID NO:l 1. 

To determine the percent identity of two amino acid sequences or of two nucleic 
acid sequences, the sequences are aligned for optimal comparison purposes (e.g., gaps 
can be introduced in one or both of a first and a second amino acid or nucleic acid 

15 sequence for optimal alignment and non-homologous sequences can be disregarded for 
comparison purposes). In a preferred embodiment, the length of a reference sequence 
aligned for comparison purposes is at least 30%, preferably at least 40%, more 
preferably at least 50%, even more preferably at least 60%, and even more preferably at 1 
least 70%, 80%, or 90% of the length of the reference sequence (e.g. , when aligning a 

20 second sequence to the LGR6 amino acid sequence of SEQ ID NO :2, having 967 amino 
acid residues, at least 290, preferably at least 387, more preferably at least 484, even 
more preferably at least 580, and even more preferably at least 680, 774 or 870 amino 
acid residues are aligned; or, when aligning a second sequence to the LGR6 amino acid 
sequence of SEQ ID NO:5, having 633 amino acid residues, at least 190, preferably at 

25 least 253, more preferably at least 3 1 7, even more preferably at least 3 80, and even more 
preferably at least 443, 506 or 570 can be aligned). The amino acid residues or 
nucleotides at corresponding amino acid positions or nucleotide positions are then 
compared. When a position in the first sequence is occupied by the same amino acid 
residue or nucleotide as the corresponding position in the second sequence, then the 

30 molecules are identical at that position (as used herein amino acid or nucleic acid 

"identity" is equivalent to amino acid or nucleic acid "homology"). The percent identity 
between the two sequences is a function of the number of identical positions shared by 
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the sequences, taking into account the number of gaps, and the length of each gap, 
which need to be introduced for optimal alignment of the two sequences. 

The comparison of sequences and determination of percent identity between two 
sequences can be accomplished using a mathematical algorithm. In a preferred 
5 embodiment, the percent identity between two amino acid sequences is determined 
using the Needleman and Wunsch (J. Mol Biol. (48):444-453 (1970)) algorithm which 
has been incorporated into the GAP program in the GCG software package (available at 
http://www.gcg.com), using either a Blosum 62 matrix or a PAM250 matrix, and a gap 
weight of 16, 14, 12, 10, 8, 6, or 4 and a length weight of 1, 2, 3, 4, 5, or 6. In yet 

10 another preferred embodiment, the percent identity between two nucleotide sequences is 
determined using the GAP program in the GCG software package (available at 
http://www.gcg.com), using a NWSgapdna.CMP matrix and a gap weight of 40, 50, 60, 
70, or 80 and a length weight of 1, 2, 3, 4, 5, or 6. In another embodiment, the percent 
identity between two amino acid or nucleotide sequences is determined using the 

15 algorithm of E. Meyers and W. Miller (Comput. Appl Biosci., 4:1 1-17 (1988)) which 
has been incorporated into the ALIGN program (version 2.0), using a PAM120 weight 
residue table, a gap length penalty of 12 and a gap penalty of 4. 

The nucleic acid and protein sequences of the present invention can further be 
used as a "query sequence" to perform a search against public databases to, for example, 

20 identify other family members or related sequences. Such searches can be performed 
using the NBLAST and XBLAST programs (version 2.0) of Altschul, et al (1990) J. 
Mol Biol 215:403-10. BLAST nucleotide searches can be performed with the 
NBLAST program, score = 100, wordlength = 12 to obtain nucleotide sequences 
homologous to LGR6 nucleic acid molecules of the invention. BLAST protein searches 

25 can be performed with the XBLAST program, score = 50, wordlength = 3 to obtain 
amino acid sequences homologous to LGR6 protein molecules of the invention. To 
obtain gapped alignments for comparison purposes, Gapped BLAST can be utilized as 
described in Altschul et al, (1997) Nucleic Acids Res. 25(17):3389-3402. When 
utilizing BLAST and Gapped BLAST programs, the default parameters of the respective 

30 programs (e.g. , XBLAST and NBLAST) can be used. See http://www.ncbi.nlm.nih.gov. 

A. LGR6 Chimeric or Fusion Proteins 
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The invention also provides LGR6 chimeric or fusion proteins. As used herein, 
an LGR6 "chimeric protein" or "fusion protein" comprises an LGR6 polypeptide 
operatively linked to a non-LGR6 polypeptide. An "LGR6 polypeptide" refers to a 
polypeptide having an amino acid sequence corresponding to LGR6, whereas a "non- 
5 LGR6 polypeptide" refers to a polypeptide having an amino acid sequence 

corresponding to a protein which is not substantially homologous to the LGR6 protein, 
e.g. , a protein which is different from the LGR6 protein and which is derived from the 
same or a different organism. Within an LGR6 fusion protein the LGR6 polypeptide 
can correspond to all or a portion of an LGR6 protein. In a preferred embodiment, an 

10 LGR6 fusion protein comprises at least one biologically active portion of an LGR6 
protein. In another preferred embodiment, an LGR6 fusion protein comprises at least 
two biologically active portions of an LGR6 protein. Within the fusion protein, the term 
"operatively linked" is intended to indicate that the LGR6 polypeptide and the non- 
LGR6 polypeptide are fused in-frame to each other. The non-LGR6 polypeptide can be 

1 5 fused to the N-terminus or C-terminus of the LGR6 polypeptide. 

For example, in one embodiment, the fusion protein is a GST-LGR6 fusion 
protein in which the LGR6 sequences are fused to the C-terminus of the GST sequences. 
Such fusion proteins can facilitate the purification of recombinant LGR6. In another 
embodiment, the fusion protein is an LGR6 protein containing a heterologous signal 

20 sequence at its N-terminus. In certain host cells (e.g. , mammalian host cells), expression 
and/or secretion of LGR6 can be increased through use of a heterologous signal 
sequence. In yet another embodiment, the fusion protein is a green fluorescent protein 
(GFP)-LGR6 fusion protein in which the LGR6 sequences are fused to GFP sequences. 
Such fusion proteins can facilitate the visualization of recombinant LGR6, for example, 

25 in cells expressing a GFP-LGR6 fusion protein. 

The LGR6 fusion proteins of the invention can be incorporated into 
pharmaceutical compositions and administered to a subject in vivo. The LGR6 fusion 
proteins can be used to affect the bioavailability of an LGR6 substrate. Use of LGR6 
fusion proteins may be useful therapeutically for the treatment of a disorders, e.g., 

30 weight disorders such as obesity, anorexia, cachexia; or a a cardiovascular disorder such 
as atherosclerosis, ischaemia reperfusion injury, cardiac hypertrophy, hypertension, 
coronary artery disease, myocardial infarction, arrythmia, cardiomyopathies, and 
congestive heart failure. 
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Moreover, the LGR6-fusion proteins of the invention can be used as 
immunogens to produce anti-LGR6 antibodies in a subject, to purify LGR6 ligands and 
in screening assays to identify molecules which inhibit the interaction of LGR6 with an 
LGR6 substrate. 

5 Preferably, an LGR6 chimeric or fusion protein of the invention is produced by 

standard recombinant DNA techniques. For example, DNA fragments coding for the 
different polypeptide sequences are ligated together in-frame in accordance with 
conventional techniques, for example by employing blunt-ended or stagger-ended 
termini for ligation, restriction enzyme digestion to provide for appropriate termini, 

10 filling-in of cohesive ends as appropriate, alkaline phosphatase treatment to avoid 
undesirable joining, and enzymatic ligation. In another embodiment, the fusion gene 
can be synthesized by conventional techniques including automated DNA synthesizers. 
Alternatively, PCR amplification of gene fragments can be carried out using anchor 
primers which give rise to complementary overhangs between two consecutive gene 

1 5 fragments which can subsequently be annealed and reamplified to generate a chimeric 
gene sequence (see, for example, Current Protocols in Molecular Biology, eds. Ausubel 
et al John Wiley & Sons: 1992). Moreover, many expression vectors are commercially 
available that already encode a fusion moiety (e.g., a GST polypeptide). An LGR6- 
encoding nucleic acid can be cloned into such an expression vector such that the fusion 

20 moiety is linked in-frame to the LGR6 protein. 

B. Variants of LGR6 Proteins 

The present invention also pertains to variants of the LGR6 proteins which 
function as either LGR6 agonists (mimetics) or as LGR6 antagonists. Variants of the 

25 LGR6 proteins can be generated by mutagenesis, e.g., discrete point mutation or 

truncation of an LGR6 protein. An agonist of the LGR6 proteins can retain substantially 
the same, or a subset, of the biological activities of the naturally occurring form of an 
LGR6 protein. An antagonist of an LGR6 protein can inhibit one or more of the 
activities of the naturally occurring form of the LGR6 protein by, for example, 

30 competitively modulating a biological activity of an LGR6 protein. Thus, specific 

biological effects can be elicited by treatment with a variant of limited function. In one 
embodiment, treatment of a subject with a variant having a subset of the biological 
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activities of the naturally occurring form of the protein has fewer side effects in a subject 
relative to treatment with the naturally occurring form of the LGR6 protein. 

In one embodiment, variants of an LGR6 protein which function as either LGR6 
agonists (mimetics) or as LGR6 antagonists can be identified by screening combinatorial 
5 libraries of mutants, e.g. , truncation mutants, of an LGR6 protein for LGR6 protein 
agonist or antagonist activity. In one embodiment, a variegated library of LGR6 
variants is generated by combinatorial mutagenesis at the nucleic acid level and is 
encoded by a variegated gene library. A variegated library of LGR6 variants can be 
produced by, for example, enzymatically ligating a mixture of synthetic oligonucleotides 

10 into gene sequences such that a degenerate set of potential LGR6 sequences is 

expressible as individual polypeptides, or alternatively, as a set of larger fusion proteins 
(e.g., for phage display) containing the set of LGR6 sequences therein. There are a 
variety of methods which can be used to produce libraries of potential LGR6 variants 
from a degenerate oligonucleotide sequence. Chemical synthesis of a degenerate gene 

1 5 sequence can be performed in an automatic DNA synthesizer, and the synthetic gene 
then ligated into an appropriate expression vector. Use of a degenerate set of genes 
allows for the provision, in one mixture, of all of the sequences encoding the desired set 
of potential LGR6 sequences. Methods for synthesizing degenerate oligonucleotides are 
known in the art (see, e.g., Narang, S.A. (1983) Tetrahedron 39:3; Itakura et al (1984) 

20 Annu. Rev. Biochem. 53:323; Itakura et al (1984) Science 198:1056; Ike et al (1983) 
Nucleic Acid Res. 11:477. 

In addition, libraries of fragments of an LGR6 protein coding sequence can be 
used to generate a variegated population of LGR6 fragments for screening and 
subsequent selection of variants of an LGR6 protein. In one embodiment, a library of 

25 coding sequence fragments can be generated by treating a double stranded PCR 
fragment of an LGR6 coding sequence with a nuclease under conditions wherein 
nicking occurs only about once per molecule, denaturing the double stranded DNA, 
renaturing the DNA to form double stranded DNA which can include sense/antisense 
pairs from different nicked products, removing single stranded portions from reformed 

30 duplexes by treatment with SI nuclease, and ligating the resulting fragment library into 
an expression vector. By this method, an expression library can be derived which 
encodes N-terminal, C-terminal and internal fragments of various sizes of the LGR6 
protein. 
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Several techniques are known in the art for screening gene products of 
combinatorial libraries made by point mutations or truncation, and for screening cDNA 
libraries for gene products having a selected property. Such techniques are adaptable for 
rapid screening of the gene libraries generated by the combinatorial mutagenesis of 
5 LGR6 proteins. The most widely used techniques, which are amenable to high through- 
put analysis, for screening large gene libraries typically include cloning the gene library 
into replicable expression vectors, transforming appropriate cells with the resulting 
library of vectors, and expressing the combinatorial genes under conditions in which 
detection of a desired activity facilitates isolation of the vector encoding the gene whose 

10 product was detected. Recrusive ensemble mutagenesis (REM), a new technique which 
enhances the frequency of functional mutants in the libraries, can be used in 
combination with the screening assays to identify LGR6 variants (Arkin and Yourvan 
(1992) Proc. Natl. Acad Sci. USA 59:781 1-7815; Delgrave et al. (1993) Protein 
Engineering 6(3):327-33 1). 

15 In one embodiment, cell based assays can be exploited to analyze a variegated 

LGR6 library. For example, a library of expression vectors can be transfected into a cell 
line which ordinarily synthesizes LGR6. The transfected cells are then cultured such 
that LGR6 and a particular mutant LGR6 are expressed and the effect of expression of 
the mutant on LGR6 activity in the cells can be detected, e.g., by any of a number of 

20 enzymatic assays or by detecting the enzymatic activity. Plasmid DNA can then be 
recovered from the cells which score for inhibition, or alternatively, potentiation of 
LGR6 activity, and the individual clones further characterized. 

III. Anti-LGR6 Antibodies 

25 An isolated LGR6 protein, or a portion or fragment thereof, can be used as an 

immunogen to generate antibodies that bind LGR6 using standard techniques for 
polyclonal and monoclonal antibody preparation. A full-length LGR6 protein can be 
used or, alternatively, the invention provides antigenic peptide fragments of LGR6 for 
use as immunogens. The antigenic peptide of LGR6 comprises at least 8 amino acid 

30 residues of the amino acid sequence shown in SEQ ID NO:2, SEQ ID NO:5 SEQ ID 
NO:8 or SEQ ID NO:l 1 .and encompasses an epitope of LGR6 such that an antibody 
raised against the peptide forms a specific immune complex with LGR6. Preferably, the 
antigenic peptide comprises at least 10 amino acid residues, more preferably at least 15 
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amino acid residues, even more preferably at least 20 amino acid residues, and most 
preferably at least 30 amino acid residues. 

Preferred epitopes encompassed by the antigenic peptide are regions of LGR6 
that are located on the surface of the protein, e.g., hydrophilic regions, as well as regions 
5 with high antigenicity (see, for example, Figure 9). For example, an Emini surface 
probability analysis of the human LGR6 protein sequence can be used to indicate the 
regions that have a particularly high probability of being localized to the surface of the 
LGR6 protein and are thus likely to constitute surface residues useful for targeting 
antibody production. 

1 0 A LGR6 immunogen typically is used to prepare antibodies by immunizing a 

suitable subject, (e.g., rabbit, goat, mouse or other mammal) with the immunogen. An 
appropriate immunogenic preparation can contain, for example, recombinantly 
expressed LGR6 protein or a chemically synthesized LGR6 polypeptide. The 
preparation can further include an adjuvant, such as Freund's complete or incomplete 

1 5 adjuvant, or similar immunostimulatory agent. Immunization of a suitable subject with 
an immunogenic LGR6 preparation induces a polyclonal anti-LGR6 antibody response. 

Accordingly, another aspect of the invention pertains to anti-LGR6 antibodies. 
The term "antibody" as used herein refers to immunoglobulin molecules and 
immunologically active portions of immunoglobulin molecules, ie. 9 molecules that 

20 contain an antigen binding site which specifically binds (immunoreacts with) an antigen, 
such as LGR6. Examples of immunologically active portions of immunoglobulin 
molecules include F(ab) and F(ab f )2 fragments which can be generated by treating the 
antibody with an enzyme such as pepsin. The invention provides polyclonal and 
monoclonal antibodies that bind LGR6. The term "monoclonal antibody" or 

25 "monoclonal antibody composition", as used herein, refers to a population of antibody 
molecules that contain only one species of an antigen binding site capable of 
immunoreacting with a particular epitope of LGR6. A monoclonal antibody 
composition thus typically displays a single binding affinity for a particular LGR6 
protein with which it immunoreacts. 

30 Polyclonal anti-LGR6 antibodies can be prepared as described above by 

immunizing a suitable subject with an LGR6 immunogen. The anti-LGR6 antibody titer 
in the immunized subject can be monitored over time by standard techniques, such as 
with an enzyme linked immunosorbent assay (ELISA) using immobilized LGR6. If 
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desired, the antibody molecules directed against LGR6 can be isolated from the mammal 
(e.g. , from the blood) and further purified by well known techniques, such as protein A 
chromatography to obtain the IgG fraction. At an appropriate time after immunization, 
e.g., when the anti-LGR6 antibody titers are highest, antibody-producing cells can be 
5 obtained from the subject and used to prepare monoclonal antibodies by standard 
techniques, such as the hybridoma technique originally described by Kohler and 
Milstein (1975) Nature 256:495-497) (see also, Brown et al (1981) J. Immunol 
127:539-46; Browne/ al (1980)7. Biol Chem .255:4980-83; Yehe/ al (1976)Proc. 
Natl Acad. Sci. USA 76:2927-3 1 ; and Yeh et al (1 982) Int. J. Cancer 29:269-75), the 

1 0 more recent human B cell hybridoma technique (Kozbor et al (1983) Immunol Today 
4:72), the EBV-hybridoma technique (Cole et al (1985), Monoclonal Antibodies and 
Cancer Therapy, Alan R. Liss, Inc., pp. 77-96) or trioma techniques. The technology 
for producing monoclonal antibody hybridomas is well known (see generally R. H. 
Kenneth, in Monoclonal Antibodies: A New Dimension In Biological Analyses, Plenum 

15 Publishing Corp., New York, New York (1980); E. A. Lerner (1981) Yale J. Biol Med. t 
54:387-402; M. L. Gefter et al. (1977) Somatic Cell Genet. 3:231-36). Briefly, an 
immortal cell line (typically a myeloma) is fused to lymphocytes (typically splenocytes) 
from a mammal immunized with an LGR6 immunogen as described above, and the 
culture supernatants of the resulting hybridoma cells are screened to identify a 

20 hybridoma producing a monoclonal antibody that binds LGR6. 

Any of the many well known protocols used for fusing lymphocytes and 
immortalized cell lines can be applied for the purpose of generating an anti-LGR6 
monoclonal antibody (see, e.g., G. Galfre et al (1977) Nature 266:55052; Gefter et al 
Somatic Cell Genet, cited supra; Lerner, Yale J. Biol Med, cited supra; Kenneth, 

25 Monoclonal Antibodies, cited supra). Moreover, the ordinarily skilled worker will 
appreciate that there are many variations of such methods which also would be useful. 
Typically, the immortal cell line (e.g., a myeloma cell line) is derived from the same 
mammalian species as the lymphocytes. For example, murine hybridomas can be made 
by fusing lymphocytes from a mouse immunized with an immunogenic preparation of 

30 the present invention with an immortalized mouse cell line. Preferred immortal cell 
lines are mouse myeloma cell lines that are sensitive to culture medium containing 
hypoxanthine, aminopterin and thymidine ("HAT medium"). Any of a number of 
myeloma cell lines can be used as a fusion partner according to standard techniques, 
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e.g., the P3-NSl/l-Ag4-l, P3-x63-Ag8.653 or Sp2/0-Agl4 myeloma lines. These 
myeloma lines are available from ATCC. Typically, HAT-sensitive mouse myeloma 
cells are fused to mouse splenocytes using polyethylene glycol ("PEG"). Hybridoma 
cells resulting from the fusion are then selected using HAT medium, which kills unfused 
5 and unproductively fused myeloma cells (unfused splenocytes die after several days 
because they are not transformed). Hybridoma cells producing a monoclonal antibody 
of the invention are detected by screening the hybridoma culture supernatants for 
antibodies that bind LGR6, e.g., using a standard ELISA assay. 

Alternative to preparing monoclonal antibody-secreting hybridomas, a 

10 monoclonal anti-LGR6 antibody can be identified and isolated by screening a 

recombinant combinatorial immunoglobulin library (e.g. , an antibody phage display 
library) with LGR6 to thereby isolate immunoglobulin library members that bind LGR6. 
Kits for generating and screening phage display libraries are commercially available 
(e.g., the Pharmacia Recombinant Phage Antibody System, Catalog No. 27-9400-01 ; and 

1 5 the Stratagene SurJZAP™ Phage Display Kit, Catalog No. 24061 2). Additionally, 
examples of methods and reagents particularly amenable for use in generating and 
screening antibody display library can be found in, for example, Ladner et al. U.S. 
PatentNo. 5,223,409; Kang etal PCT International Publication No. WO 92/18619; 
Dower et al. PCT International Publication No. WO 91/17271 ; Winter et al. PCT 

20 International Publication WO 92/20791 ; Markland et al PCT International Publication 
No. WO 92/15679; Breitling et al. PCT International Publication WO 93/01288; 
McCafferty et al PCT International Publication No. WO 92/01047; Garrard et al PCT 
International Publication No. WO 92/09690; Ladner et al PCT International Publication 
No. WO 90/02809; Fuchs et al. (1991) Bio/Technology 9: 1370-1372; Hay et al (1992) 

25 Hum. Antibod Hybridomas 3:81-85; Huse et al. (1989) Science 246:1275-1281 ; 

Griffiths et al (1993) EMBO J 12:725-734; Hawkins et al (1992) J. Mol. Biol 226:889- 
896; Clarkson et al. (1991) Nature 352:624-628; Gram et al (1992) Proc. Natl Acad 
Set USA 89:3576-3580; Garrad etal (1991) Bio/Technology 9:1373-1377; 
Hoogenboom et al (1991) Nuc. Acid Res. 19:4133-4137; Barbas et al (1991) Proc. 

30 Natl Acad Sci. USA 88:7978-7982; and McCafferty et al Nature (1990) 348:552-554. 
Additionally, recombinant anti-LGR6 antibodies, such as chimeric and 
humanized monoclonal antibodies, comprising both human and non-human portions, 
which can be made using standard recombinant DNA techniques, are within the scope of 
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the invention. Such chimeric and humanized monoclonal antibodies can be produced by 
recombinant DNA techniques known in the art, for example using methods described in 
Robinson et al. International Application No. PCT/US86/02269; Akira, et al. European 
Patent Application 184,187; Taniguchi, M., European Patent Application 171,496; 
5 Morrison et al European Patent Application 173,494; Neuberger et al PCT 

International Publication No. WO 86/01533; Cabilly et al U.S. Patent No. 4,816,567; 
Cabilly et al European Patent Application 125,023; Better et al (1988) Science 
240:1041-1043; Liu et al (1987) Proc. Natl Acad. Sci. USA 84:3439-3443; Liu et al 

(1987) 7. Immunol 139:3521-3526; Smetal (1987) Proc. Natl Acad ScL USA 
10 84:214-218; Nishimura et al (1987) Cane. Res. 47:999-1005; Wood etal (1985) 

Nature 314:446-449; and Shawef a/. (1988)7. Natl Cancer Inst 80:1553-1559); 
Morrison, S. L. (1985) Science 229:1202-1207; Oi et al (1986) BioTechniques 4:214; 
Winter U.S. Patent 5,225,539; Jones et al (1986) Nature 321 :552-525; Verhoeyan et al 

(1988) Science 239:1534; and Beidler et al (1988) /. Immunol 141 :4053-4060. 

15 An anti-LGR6 antibody (e.g., monoclonal antibody) can be used to isolate LGR6 

by standard techniques, such as affinity chromatography or immunoprecipitation. An 
anti-LGR6 antibody can facilitate the purification of natural LGR6 from cells and of 
recombinantly produced LGR6 expressed in host cells. Moreover, an anti-LGR6 
antibody can be used to detect LGR6 protein (e.g., in a cellular lysate or cell 

20 supernatant) in order to evaluate the abundance and pattern of expression of the LGR6 
protein. Anti-LGR6 antibodies can be used diagnostically to monitor protein levels in 
tissue as part of a clinical testing procedure, e.g., to, for example, determine the efficacy 
of a given treatment regimen. Detection can be facilitated by coupling (i.e., physically 
linking) the antibody to a detectable substance. Examples of detectable substances 

25 include various enzymes, prosthetic groups, fluorescent materials, luminescent 

materials, bioluminescent materials, and radioactive materials. Examples of suitable 
enzymes include horseradish peroxidase, alkaline phosphatase, -galactosidase, or 
acetylcholinesterase; examples of suitable prosthetic group complexes include 
streptavidin/biotin and avidin/biotin; examples of suitable fluorescent materials include 

30 umbelliferone, fluorescein, fluorescein isothiocyanate, rhodamine, 

dichlorotriazinylamine fluorescein, dansyl chloride or phycoerythrin; an example of a 
luminescent material includes luminol; examples of bioluminescent materials include 
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luciferase, luciferin, and aequorin, and examples of suitable radioactive material include 
l2 V 31 I, 35 Sor 3 H. 

IV. Recombinant Expression Vectors and Host Cells 
5 Another aspect of the invention pertains to vectors, preferably expression 

vectors, containing a nucleic acid encoding an LGR6 protein (or a portion thereof). As 
used herein, the term "vector" refers to a nucleic acid molecule capable of transporting 
another nucleic acid to which it has been linked. One type of vector is a "plasmid", 
which refers to a circular double stranded DNA loop into which additional DNA 

10 segments can be ligated. Another type of vector is a viral vector, wherein additional 
DNA segments can be ligated into the viral genome. Certain vectors are capable of 
autonomous replication in a host cell into which they are introduced (e.g., bacterial 
vectors having a bacterial origin of replication and episomal mammalian vectors). Other 
vectors (e.g., non-episomal mammalian vectors) are integrated into the genome of a host 

15 cell upon introduction into the host cell, and thereby are replicated along with the host 
genome. Moreover, certain vectors are capable of directing the expression of genes to 
which they are operatively linked. Such vectors are referred to herein as "expression 
vectors". In general, expression vectors of utility in recombinant DNA techniques are 
often in the form of plasmids. In the present specification, "plasmid" and "vector" can 

20 be used interchangeably as the plasmid is the most commonly used form of vector. 
However, the invention is intended to include such other forms of expression vectors, 
such as viral vectors (e.g., replication defective retroviruses, adenoviruses and adeno- 
associated viruses), which serve equivalent functions. 

The recombinant expression vectors of the invention comprise a nucleic acid of 

25 the invention in a form suitable for expression of the nucleic acid in a host cell, which 
means that the recombinant expression vectors include one or more regulatory 
sequences, selected on the basis of the host cells to be used for expression, which is 
operatively linked to the nucleic acid sequence to be expressed. Within a recombinant 
expression vector, "operably linked" is intended to mean that the nucleotide sequence of 

30 interest is linked to the regulatory sequence(s) in a manner which allows for expression 
of the nucleotide sequence (e.g., in an in vitro transcription/translation system or in a 
host cell when the vector is introduced into the host cell). The term "regulatory 
sequence" is intended to includes promoters, enhancers and other expression control 
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elements (e.g., polyadenylation signals). Such regulatory sequences are described, for 
example, in Goeddel; Gene Expression Technology: Methods in Enzymology 185, 
Academic Press, San Diego, CA (1990). Regulatory sequences include those which 
direct constitutive expression of a nucleotide sequence in many types of host cell and 
5 those which direct expression of the nucleotide sequence only in certain host cells (e.g., 
tissue-specific regulatory sequences). It will be appreciated by those skilled in the art 
that the design of the expression vector can depend on such factors as the choice of the 
host cell to be transformed, the level of expression of protein desired, and the like. The 
expression vectors of the invention can be introduced into host cells to thereby produce 
10 proteins or peptides, including fusion proteins or peptides, encoded by nucleic acids as 
described herein (e.g., LGR6 proteins, mutant forms of LGR6 proteins, fusion proteins, 
and the like). 

The recombinant expression vectors of the invention can be designed for 
expression of LGR6 proteins in prokaryotic or eiikaryotic cells. For example, LGR6 

15 proteins can be expressed in bacterial cells such as E. coli, insect cells (using 

baculovims expression vectors) yeast cells or mammalian cells. Suitable host cells are 
discussed further in Goeddel, Gene Expression Technology: Methods in Enzymology 
185, Academic Press, San Diego, CA (1990). Alternatively, the recombinant expression 
vector can be transcribed and translated in vitro, for example using T7 promoter 

20 regulatory sequences and T7 polymerase. 

Expression of proteins in prokaryotes is most often carried out in E. coli with 
vectors containing constitutive or inducible promoters directing the expression of either 
fusion or non-fusion proteins. Fusion vectors add a number of amino acids to a protein 
encoded therein, usually to the amino terminus of the recombinant protein. Such fusion 

25 vectors typically serve three purposes: 1) to increase expression of recombinant protein; 
2) to increase the solubility of the recombinant protein; and 3) to aid in the purification 
of the recombinant protein by acting as a ligand in affinity purification. Often, in fusion 
expression vectors, a proteolytic cleavage site is introduced at the junction of the fusion 
moiety and the recombinant protein to enable separation of the recombinant protein 

30 from the fusion moiety subsequent to purification of the fusion protein. Such enzymes, 
and their cognate recognition sequences, include Factor Xa, thrombin and enterokinase. 
Typical fusion expression vectors include pGEX (Pharmacia Biotech Inc; Smith, D.B. 
and Johnson, K.S. (1988) Gene 67:31-40), pMAL (New England Biolabs, Beverly, MA) 
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and pRIT5 (Pharmacia, Piscataway, NJ) which fuse glutathione S-transferase (GST), 
maltose E binding protein, or protein A, respectively, to the target recombinant protein. 

Purified fusion proteins can be utilized in LGR6 activity assays, (e.g., direct 
assays or competitive assays described in detail below), or to generate antibodies 
5 specific for LGR6 proteins, for example. In a preferred embodiment, an LGR6 fusion 
protein expressed in a retroviral expression vector of the present invention can be 
utilized to infect bone marrow cells which are subsequently transplanted into irradiated 
recipients. The pathology of the subject recipient is then examined after sufficient time 
has passed (e.g., six (6) weeks). 

10 Examples of suitable inducible non-fusion E. coli expression vectors include 

pTrc (Amann et a!. 9 (1988) Gene 69:301-315) and pET lid (Studier et al 9 Gene 
Expression Technology: Methods in Enzymology 185, Academic Press, San Diego, 
California (1990) 60-89). Target gene expression from the pTrc vector relies on host 
RNA polymerase transcription from a hybrid trp-lac fusion promoter. Target gene 

15 expression from the pET 1 Id vector relies on transcription from a 17 gnlO-lac fusion 
promoter mediated by a coexpressed viral RNA polymerase (T7 gnl). This viral 
polymerase is supplied by host strains BL21(DE3) or HMS174(DE3) from a resident 
prophage harboring a T7 gnl gene under the transcriptional control of the lacUV 5 
promoter. 

20 One strategy to maximize recombinant protein expression in E. coli is to express 

the protein in a host bacteria with an impaired capacity to proteolytically cleave the 
recombinant protein (Gottesman, S., Gene Expression Technology: Methods in 
Enzymology 185, Academic Press, San Diego, California (1990) 1 19-128). Another 
strategy is to alter the nucleic acid sequence of the nucleic acid to be inserted into an 

25 expression vector so that the individual codons for each amino acid are those 

preferentially utilized in E. coli (Wada et al , (1992) Nucleic Acids Res. 20:2 111-2118). 
Such alteration of nucleic acid sequences of the invention can be carried out by standard 
DNA synthesis techniques. 

In another embodiment, the LGR6 expression vector is a yeast expression vector. 

30 Examples of vectors for expression in yeast S. cerevisae include pYepSecl (Baldari, et 
al., (1987) Embo J. 6:229-234), pMFa (Kurjan and Herskowitz, (1982) Cell 30:933- 
943), pJRY88 (Schultz et aL, (1987) Gene 54:1 13-123), pYES2 (Invitrogen 
Corporation, San Diego, CA), and picZ (InVitrogen Corp, San Diego, CA). 
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Alternatively, LGR6 proteins can be expressed in insect cells using baculovims 
expression vectors. Baculovims vectors available for expression of proteins in cultured 
insect cells {e.g., Sf 9 cells) include the pAc series (Smith et al (1983) Mol Cell Biol 
3:2156-2165) and the pVL series (Lucklow and Summers (1989) Virology 170:31-39). 
5 In yet another embodiment, a nucleic acid of the invention is expressed in 

mammalian cells using a mammalian expression vector. Examples of mammalian 
expression vectors include pCDM8 (Seed, B. (1987) Nature 329:840) and pMT2PC 
(Kaufinan et al (1987) EMBOJ. 6:187-195). When used in mammalian cells, the 
expression vector's control functions are often provided by viral regulatory elements. 

10 For example, commonly used promoters are derived from polyoma, Adenovirus 2, 
cytomegalovirus and Simian Virus 40. For other suitable expression systems for both 
prokaryotic and eukaryotic cells see chapters 16 and 17 of Sambrook, J., Fritsh, E. F., 
and Maniatis, T. Molecular Cloning: A Laboratory Manual 2nd, ed, Cold Spring 
Harbor Laboratory, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 

15 1989. 

In another embodiment, the recombinant mammalian expression vector is 
capable of directing expression of the nucleic acid preferentially in a particular cell type 
(e.g., tissue-specific regulatory elements are used to express the nucleic acid). Tissue- 
specific regulatory elements are known in the art. Non-limiting examples of suitable 

20 tissue-specific promoters include the albumin promoter (liver-specific; Pinkert et al 
(1987) Genes Dev. 1:268-277), lymphoid-specific promoters (Calame and Eaton (1988) 
Adv. Immunol 43:235-275), in particular promoters of T cell receptors (Winoto and 
Baltimore (1989) EMBO J. 8:729-733) and immunoglobulins (Banerji et al (1983) Cell 
33:729-740; Queen and Baltimore (1983) Cell 33:741-748), neuron-specific promoters 

25 (e.g., the neurofilament promoter; Byrne and Ruddle (1989) Proc. Natl. Acad. Sci. USA 
86:5473-5477), pancreas-specific promoters (Edlund et al (1985) Science 230:912-916), 
and mammary gland-specific promoters (e.g., milk whey promoter; U.S. Patent No. 
4,873,316 and European Application Publication No. 264,166). Developmentally- 
regulated promoters are also encompassed, for example the murine hox promoters 

30 (Kessel and Grass (1990) Science 249:374-379) and the a-fetoprotein promoter (Campes 
and Tilghman (1989) Genes Dev. 3:537-546). 

The invention further provides a recombinant expression vector comprising a 
DNA molecule of the invention cloned into the expression vector in an antisense 
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orientation. That is, the DNA molecule is operatively linked to a regulatory sequence in 
a manner which allows for expression (by transcription of the DNA molecule) of an 
RNA molecule which is antisense to LGR6 mRNA. Regulatory sequences operatively 
linked to a nucleic acid cloned in the antisense orientation can be chosen which direct 
5 the continuous expression of the antisense RNA molecule in a variety of cell types, for 
instance viral promoters and/or enhancers, or regulatory sequences can be chosen which 
direct constitutive, tissue specific or cell type specific expression of antisense RNA. 
The antisense expression vector can be in the form of a recombinant plasmid, phagemid 
or attenuated virus in which antisense nucleic acids are produced under the control of a 

10 high efficiency regulatory region, the activity of which can be determined by the cell 
type into which the vector is introduced. For a discussion of the regulation of gene 
expression using antisense genes see Weintraub, H. et al, Antisense RNA as a 
molecular tool for genetic analysis, Reviews - Trends in Genetics, Vol. 1(1) 1986. 

Another aspect of the invention pertains to host cells into which a recombinant 

1 5 expression vector of the invention has been introduced. The terms "host cell" and 
"recombinant host cell" are used interchangeably herein. It is understood that such 
terms refer not only to the particular subject cell but to the progeny or potential progeny 
of such a cell. Because certain modifications may occur in succeeding generations due 
to either mutation or environmental influences, such progeny may not, in fact, be 

20 identical to the parent cell, but are still included within the scope of the term as used 
herein. 

A host cell can be any prokaryotic or eukaryotic cell. For example, an LGR6 
protein can be expressed in bacterial cells such as E. coli, insect cells, yeast or 
mammalian cells (such as Chinese hamster ovary cells (CHO) or COS cells). Other 

25 suitable host cells are known to those skilled in the art. 

Vector DNA can be introduced into prokaryotic or eukaryotic cells via 
conventional transformation or transfection techniques. As used herein, the terms 
"transformation" and "transfection" are intended to refer to a variety of art-recognized 
techniques for introducing foreign nucleic acid {e.g., DNA) into a host cell, including 

30 calcium phosphate or calcium chloride co-precipitation, DEAE-dextran-mediated 
transfection, lipofection, or electroporation. Suitable methods for transforming or 
transfecting host cells can be found in Sambrook, et al. {Molecular Cloning: A 
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Laboratory Manual 2nd, ed t Cold Spring Harbor Laboratory, Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, NY, 1 989), and other laboratory manuals. 

For stable transfection of mammalian cells, it is known that, depending upon the 
expression vector and transfection technique used, only a small fraction of cells may 
5 integrate the foreign DNA into their genome. In order to identify and select these 
integrants, a gene that encodes a selectable marker (e.g. , resistance to antibiotics) is 
generally introduced into the host cells along with the gene of interest. Preferred 
selectable markers include those which confer resistance to drugs, such as G418, 
hygromycin and methotrexate. Nucleic acid encoding a selectable marker can be 

1 0 introduced into a host cell on the same vector as that encoding an LGR6 protein or can 
be introduced on a separate vector. Cells stably transfected with the introduced nucleic 
acid can be identified by drug selection (e.g. , cells that have incorporated the selectable 
marker gene will survive, while the other cells die). 

A host cell of the invention, such as a prokaryotic or eukaryotic host cell in 

15 culture, can be used to produce (i.e., express) an LGR6 protein. Accordingly, the 

invention further provides methods for producing an LGR6 protein using the host cells 
of the invention. In one embodiment, the method comprises culturing the host cell of 
invention (into which a recombinant expression vector encoding an LGR6 protein has 
been introduced) in a suitable medium such that an LGR6 protein is produced. In 

20 another embodiment, the method further comprises isolating an LGR6 protein from the 
medium or the host cell. 

The host cells of the invention can also be used to produce non-human transgenic 
animals. For example, in one embodiment, a host cell of the invention is a fertilized 
oocyte or an embryonic stem cell into which LGR6-coding sequences have been 

25 introduced. Such host cells can then be used to create non-human transgenic animals in 
which exogenous LGR6 sequences have been introduced into their genome or 
homologous recombinant animals in which endogenous LGR6 sequences have been 
altered. Such animals are useful for studying the function and/or activity of an LGR6 
and for identifying and/or evaluating modulators of LGR6 activity. As used herein, a 

30 "transgenic animal" is a non-human animal, preferably a mammal, more preferably a 
rodent such as a rat or mouse, in which one or more of the cells of the animal includes a 
transgene. Other examples of transgenic animals include non-human primates, sheep, 
dogs, cows, goats, chickens, amphibians, etc. A transgene is exogenous DNA which is 
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integrated into the genome of a cell from which a transgenic animal develops and which 
remains in the genome of the mature animal, thereby directing the expression of an 
encoded gene product in one or more cell types or tissues of the transgenic animal. As 
used herein, a "homologous recombinant animal" is a non-human animal, preferably a 
5 mammal, more preferably a mouse, in which an endogenous LGR6 gene has been 
altered by homologous recombination between the endogenous gene and an exogenous 
DNA molecule introduced into a cell of the animal, e.g., an embryonic cell of the 
animal, prior to development of the animal. 

A transgenic animal of the invention can be created by introducing an LGR6- 

1 0 encoding nucleic acid into the male pronuclei of a fertilized oocyte, e.g. , by 
microinjection, retroviral infection, and allowing the oocyte to develop in a 
pseudopregnant female foster animal. The LGR6 cDNA sequence of SEQ ED NO:7 or 
SEQ ID NO: 10 can be introduced as a transgene into the genome of a non-human 
animal. Alternatively, a nonhuman homologue of a human LGR6 gene, such as a mouse 

15 or rat LGR6 gene, can be used as a transgene. Alternatively, an LGR6 gene homologue, 
such as another LGR6 family member, can be isolated based on hybridization to the 
LGR6 cDNA sequences of SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO:10 or SEQ ID 
NO: 12, (described further in subsection I above) and used as a transgene. Intronic 
sequences and polyadenylation signals can also be included in the transgene to increase 

20 the efficiency of expression of the transgene. A tissue-specific regulatory sequence(s) 
can be operably linked to an LGR6 transgene to direct expression of an LGR6 protein to 
particular cells. Methods for generating transgenic animals via embryo manipulation 
and microinjection, particularly animals such as mice, have become conventional in the 
art and are described, for example, in U.S. Patent Nos. 4,736,866 and 4,870,009, both 

25 by Leder et al. 9 U.S. Patent No. 4,873,191 by Wagner et al and in Hogan, B., 

Manipulating the Mouse Embryo, (Cold Spring Harbor Laboratory Press, Cold Spring 
Harbor, N.Y., 1986). Similar methods are used for production of other transgenic 
animals. A transgenic founder animal can be identified based upon the presence of an 
LGR6 transgene in its genome and/or expression of LGR6 mRNA in tissues or cells of 

30 the animals. A transgenic founder animal can then be used to breed additional animals 
carrying the transgene. Moreover, transgenic animals carrying a transgene encoding an 
LGR6 protein can further be bred to other transgenic animals carrying other transgenes. 
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To create a homologous recombinant animal, a vector is prepared which contains 
at least a portion of an LGR6 gene into which a deletion, addition or substitution has 
been introduced to thereby alter, e.g., functionally disrupt, the LGR6 gene. The LGR6 
gene can be a mouse gene (e.g., the cDNA of SEQ ID NO:3) or a human gene (e.g., the 
5 cDNA of SEQ ID NO:9 or SEQ ID NO: 1 0), but more preferably, is a non-human 
homologue of a human LGR6 gene (e.g., a cDNA isolated by stringent hybridization 
with the nucleotide sequence of SEQ ID NO:7). For example, a mouse LGR6 gene can 
be used to construct a homologous recombination vector suitable for altering an 
endogenous LGR6 gene in the mouse genome. In a preferred embodiment, the vector is 

10 designed such that, upon homologous recombination, the endogenous LGR6 gene is 
functionally disrupted (i.e., no longer encodes a functional protein; also referred to as a 
"knock out" vector). Alternatively, the vector can be designed such that, upon 
homologous recombination, the endogenous LGR6 gene is mutated or otherwise altered 
but still encodes functional protein (e.g., the upstream regulatory region can be altered to 

15 thereby alter the expression of the endogenous LGR6 protein). In the homologous 
recombination vector, the altered portion of the LGR6 gene is flanked at its 5* and 3' 
ends by additional nucleic acid sequence of the LGR6 gene to allow for homologous 
recombination to occur between the exogenous LGR6 gene carried by the vector and an 
endogenous LGR6 gene in an embryonic stem cell. The additional flanking LGR6 

20 nucleic acid sequence is of sufficient length for successful homologous recombination 
with the endogenous gene. Typically, several kilobases of flanking DNA (both at the 5' 
and 3* ends) are included in the vector (see e.g., Thomas, K.R. and Capecchi, M. R. 
(1987) Cell 51:503 for a description of homologous recombination vectors). The vector 
is introduced into an embryonic stem cell line (e.g., by electroporation) and cells in 

25 which the introduced LGR6 gene has homologously recombined with the endogenous 
LGR6 gene are selected (see e.g., Li, E. et al (1992) Cell 69:915). The selected cells 
are then injected into a blastocyst of an animal (e.g., a mouse) to form aggregation 
chimeras (see e.g., Bradley, A. in Teratocarcinomas and Embryonic Stem Cells: A 
Practical Approach, E.J. Robertson, ed. (IRL, Oxford, 1987) pp. 1 13-152). A chimeric 

30 embryo can then be implanted into a suitable pseudopregnant female foster animal and 
the embryo brought to term. Progeny harboring the homologously recombined DNA in 
their germ cells can be used to breed animals in which all cells of the animal contain the 
homologously recombined DNA by germline transmission of the transgene. Methods 
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for constructing homologous recombination vectors and homologous recombinant 
animals are described further in Bradley, A. (1991) Current Opinion in Biotechnology 
2:823-829 and in PCT International Publication Nos.: WO 90/1 1 354 by Le Mouellec et 
al ; WO 91/01 140 by Smithies et al ; WO 92/0968 by Zijlstra et al ; and WO 93/041 69 
5 by Berns et al 

In another embodiment, transgenic non-humans animals can be produced which 
contain selected systems which allow for regulated expression of the transgene. One 
example of such a system is the cre/loxP recombinase system of bacteriophage PI . For 
a description of the cre/loxP recombinase system, see, e.g., Lakso et al (1992) Proc. 

10 Natl Acad. Set USA 89:6232-6236. Another example of a recombinase system is the 
FLP recombinase system of Saccharomyces cerevisiae (O'Gorman et al (1991) Science 
251:1351-1355. If a cre/loxP recombinase system is used to regulate expression of the 
transgene, animals containing transgenes encoding both the Cre recombinase and a 
selected protein are required. Such animals can be provided through the construction of 

15 "double" transgenic animals, e.g., by mating two transgenic animals, one containing a 
transgene encoding a selected protein and the other containing a transgene encoding a 
recombinase. 

Clones of the non-human transgenic animals described herein can also be 
produced according to the methods described in Wilmut, I. et al (1997) Nature 

20 385:810-813 and PCT International Publication Nos. WO 97/07668 and WO 97/07669. 
In brief, a cell, e.g., a somatic cell, from the transgenic animal can be isolated and 
induced to exit the growth cycle and enter G 0 phase. The quiescent cell can then be 
fused, e.g., through the use of electrical pulses, to an enucleated oocyte from an animal 
of the same species from which the quiescent cell is isolated. The recontructed oocyte is 

25 then cultured such that it develops to morula or blastocyte and then transferred to 

pseudopregnant female foster animal. The olfspring borne of this female foster animal 
will be a clone of the animal from which the cell, e.g., the somatic cell, is isolated. 

V. Pharmaceutical Compositions 
30 The LGR6 nucleic acid molecules, fragments of LGR6 proteins, and anti-LGR6 

antibodies (also referred to herein as "active compounds") of the invention can be 
incorporated into pharmaceutical compositions suitable for administration. Such 
compositions typically comprise the nucleic acid molecule, protein, or antibody and a 
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pharmaceutical^ acceptable carrier. As used herein the language "pharmaceutical^ 
acceptable carrier" is intended to include any and all solvents, dispersion media, 
coatings, antibacterial and antifungal agents, isotonic and absorption delaying agents, 
and the like, compatible with pharmaceutical administration. The use of such media and 
5 agents for pharmaceutical^ active substances is well known in the art. Except insofar as 
any conventional media or agent is incompatible with the active compound, use thereof 
in the compositions is contemplated. Supplementary active compounds can also be 
incorporated into the compositions. 

A pharmaceutical composition of the invention is formulated to be compatible 

1 0 with its intended route of administration. Examples of routes of administration include 
parenteral, eg., intravenous, intradermal, subcutaneous, oral (e.g., inhalation), 
transdermal (topical), transmucosal, and rectal administration. Solutions or suspensions 
used for parenteral, intradermal, or subcutaneous application can include the following 
components: a sterile diluent such as water for injection, saline solution, fixed oils, 

1 5 polyethylene glycols, glycerine, propylene glycol or other synthetic solvents; 

antibacterial agents such as benzyl alcohol or methyl parabens; antioxidants such as 
ascorbic acid or sodium bisulfite; chelating agents such as ethylenediaminetetraacetic 
acid; buffers such as acetates, citrates or phosphates and agents for the adjustment of 
tonicity such as sodium chloride or dextrose. pH can be adjusted with acids or bases, 

20 such as hydrochloric acid or sodium hydroxide. The parenteral preparation can be 
enclosed in ampoules, disposable syringes or multiple dose vials made of glass or 
plastic. 

Pharmaceutical compositions suitable for injectable use include sterile aqueous 
solutions (where water soluble) or dispersions and sterile powders for the 

25 extemporaneous preparation of sterile injectable solutions or dispersion. For 

intravenous administration, suitable carriers include physiological saline, bacteriostatic 
water, Cremophor EL™ (BASF, Parsippany, NJ) or phosphate buffered saline (PBS). 
In all cases, the composition must be sterile and should be fluid to the extent that easy 
syringability exists. It must be stable under the conditions of manufacture and storage 

30 and must be preserved against the contaminating action of microorganisms such as 
bacteria and fungi. The carrier can be a solvent or dispersion medium containing, for 
example, water, ethanol, polyol (for example, glycerol, propylene glycol, and liquid 
polyetheylene glycol, and the like), and suitable mixtures thereof. The proper fluidity 
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can be maintained, for example, by the use of a coating such as lecithin, by the 
maintenance of the required particle size in the case of dispersion and by the use of 
surfactants. Prevention of the action of microorganisms can be achieved by various 
antibacterial and antifungal agents, for example, parabens, chlorobutanol, phenol, 
5 ascorbic acid, thimerosal, and the like. In many cases, it will be preferable to include 
isotonic agents, for example, sugars, polyalcohols such as manitol, sorbitol, sodium 
chloride in the composition. Prolonged absorption of the injectable compositions can be 
brought about by including in the composition an agent which delays absorption, for 
example, aluminum monostearate and gelatin. 

10 Sterile injectable solutions can be prepared by incorporating the active 

. compound (e.g., a fragment of an LGR6 protein or an anti-LGR6 antibody) in the 
required amount in an appropriate solvent with one or a combination of ingredients 
enumerated above, as required, followed by filtered sterilization. Generally, dispersions 
are prepared by incorporating the active compound into a sterile vehicle which contains 

1 5 a basic dispersion medium and the required other ingredients from those enumerated 
above. In the case of sterile powders for the preparation of sterile injectable solutions, 
the preferred methods of preparation are vacuum drying and freeze-drying which yields 
a powder of the active ingredient plus any additional desired ingredient from a 
previously sterile-filtered solution thereof. 

20 Oral compositions generally include an inert diluent or an edible carrier. They 

can be enclosed in gelatin capsules or compressed into tablets. For the purpose of oral 
therapeutic administration, the active compound can be incorporated with excipients and 
used in the form of tablets, troches, or capsules. Oral compositions can also be prepared 
using a fluid carrier for use as a mouthwash, wherein the compound in the fluid carrier is 

25 applied orally and swished and expectorated or swallowed. Pharmaceutically 

compatible binding agents, and/or adjuvant materials can be included as part of the 
composition. The tablets, pills, capsules, troches and the like can contain any of the 
following ingredients, or compounds of a similar nature: a binder such as 
microcrystalline cellulose, gum tragacanth or gelatin; an excipient such as starch or 

30 lactose, a disintegrating agent such as alginic acid, Primogel, or corn starch; a lubricant 
such as magnesium stearate or Sterotes; a glidant such as colloidal silicon dioxide; a 
sweetening agent such as sucrose or saccharin; or a flavoring agent such as peppermint, 
methyl salicylate, or orange flavoring. 
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For administration by inhalation, the compounds are delivered in the form of an 
aerosol spray from pressured container or dispenser which contains a suitable propellant, 
e.g., a gas such as carbon dioxide, or a nebulizer. 

Systemic administration can also be by transmucosal or transdermal means. For 
5 transmucosal or transdermal administration, penetrants appropriate to the barrier to be 
permeated are used in the formulation. Such penetrants are generally known in the art, 
and include, for example, for transmucosal administration, detergents, bile salts, and 
fusidic acid derivatives. Transmucosal administration can be accomplished through the 
use of nasal sprays or suppositories. For transdermal administration, the active 
10 compounds are formulated into ointments, salves, gels, or creams as generally known in 
the art. 

The compounds can also be prepared in the form of suppositories (e.g., with 
conventional suppository bases such as cocoa butter and other glycerides) or retention 
enemas for rectal delivery. 

15 In one embodiment, the active compounds are prepared with carriers that will 

protect the compound against rapid elimination from the body, such as a controlled 
release formulation, including implants and microencapsulated delivery systems. 
Biodegradable, biocompatible polymers can be used, such as ethylene vinyl acetate, 
polyanhydrides, polyglycolic acid, collagen, polyorthoesters, and polylactic acid. 

20 Methods for preparation of such formulations will be apparent to those skilled in the art. 
The materials can also be obtained commercially from Alza Corporation and Nova 
Pharmaceuticals, Inc. Liposomal suspensions (including liposomes targeted to infected 
cells with monoclonal antibodies to viral antigens) can also be used as pharmaceutically 
acceptable carriers. These can be prepared according to methods known to those skilled 

25 in the art, for example, as described in U.S. Patent No. 4,522,8 1 1 . 

It is especially advantageous to formulate oral or parenteral compositions in 
dosage unit form for ease of administration and uniformity of dosage. Dosage unit form 
as used herein refers to physically discrete units suited as unitary dosages for the subject 
to be treated; each unit containing a predetermined quantity of active compound 

30 calculated to produce the desired therapeutic effect in association with the required 
pharmaceutical carrier. Depending on the type and severity of the disease, about 1 
Hg/kg to 1 5 mg/kg (e.g., 0. 1 to 20 mg/kg) of antibody is an initial candidate dosage for 
administration to the patient, whether, for example, by one or more separate 
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administrations, or by continuous infusion. A typical daily dosage might range from 
about 1 jxg/kg to 100 mg/kg or more, depending on the factors mentioned above. For 
repeated administrations over several days or longer, depending on the condition, the 
treatment is sustained until a desired suppression of disease symptoms occurs. 
5 However, other dosage regimens may be useful. The progress of this therapy can be 
monitored by standard techniques and assays. An exemplary dosing regimen is 
disclosed in WO 94/04188. The specification for the dosage unit forms of the invention 
are dictated by and directly dependent on the unique characteristics of the active 
compound and the particular therapeutic effect to be achieved, and the limitations 
1 0 inherent in the art of compounding such an active compound for the treatment of 
individuals. 

Toxicity and therapeutic efficacy of such compounds can be determined by 
standard pharmaceutical procedures in cell cultures or experimental animals, e.g., for 
determining the LD50 (the dose lethal to 50% of the population) and the ED50 (the dose 

1 5 therapeutically effective in 50% of the population). The dose ratio between toxic and 
therapeutic effects is the therapeutic index and it can be expressed as the ratio 
LD50/ED50. Compounds which exhibit large therapeutic indices are preferred. While 
compounds that exhibit toxic side effects may be used, care should be taken to design a 
delivery system that targets such compounds to the site of affected tissue in order to 

20 minimize potential damage to uninfected cells and, thereby, reduce side effects. 

The data obtained from the cell culture assays and animal studies can be used in 
formulating a range of dosage for use in humans. The dosage of such compounds lies 
preferably within a range of circulating concentrations that include the ED50 with little 
or no toxicity. The dosage may vary within this range depending upon the dosage form 

25 employed and the route of administration utilized. For any compound used in the 
method of the invention, the therapeutically effective dose can be estimated initially 
from cell culture assays. A dose may be formulated in animal models to achieve a 
circulating plasma concentration range that includes the IC50 (i.e., the concentration of 
the test compound which achieves a half-maximal inhibition of symptoms) as 

30 determined in cell culture. Such information can be used to more accurately determine 
useful doses in humans. Levels in plasma may be measured, for example, by high 
performance liquid chromatography. 
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As defined herein, a therapeutically effective amount of protein or polypeptide 
(/.e., an effective dosage) ranges from about 0.001 to 30 mg/kg body weight, preferably 
about 0.01 to 25 mg/kg body weight, more preferably about 0.1 to 20 mg/kg body 
weight, and even more preferably about 1 to 10 mg/kg, 2 to 9 mg/kg, 3 to 8 mg/kg, 4 to 
5 7 mg/kg, or 5 to 6 mg/kg body weight. The skilled artisan will appreciate that certain 
factors may influence the dosage required to effectively treat a subject, including but not 
limited to the severity of the disease or disorder, previous treatments, the general health 
and/or age of the subject, and other diseases present. Moreover, treatment of a subject 
with a therapeutically effective amount of a protein, polypeptide, or antibody can 

1 0 include a single treatment or, preferably, can include a series of treatments. 

In a preferred example, a subject is treated with antibody, protein, or polypeptide 
in the range of between about 0.1 to 20 mg/kg body weight, one time per week for 
between about 1 to 10 weeks, preferably between 2 to 8 weeks, more preferably between 
about 3 to 7 weeks, and even more preferably for about 4, 5, or 6 weeks. It will also be 

15 appreciated that the effective dosage of antibody, protein, or polypeptide used for 

treatment may increase or decrease over the course of a particular treatment. Changes in 
dosage may result and become apparent from the results of diagnostic assays as 
described herein. 

The present invention encompasses agents which modulate expression or 
20 activity. An agent may, for example, be a small molecule. For example, such small 
molecules include, but are not limited to, peptides, peptidomimetics, amino acids, amino 
acid analogs, polynucleotides, polynucleotide analogs, nucleotides, nucleotide analogs, 
organic or inorganic compounds (z.e,. including heteroorganic and organometallic 
compounds) having a molecular weight less than about 10,000 grams per mole, organic 
25 or inorganic compounds having a molecular weight less than about 5,000 grams per 
mole, organic or inorganic compounds having a molecular weight less than about 1,000 
grams per mole, organic or inorganic compounds having a molecular weight less than 
about 500 grams per mole, and salts, esters, and other pharmaceutical^ acceptable 
forms of such compounds. It is understood that appropriate doses of small molecule 
30 agents depends upon a number of factors within the ken of the ordinarily skilled 

physician, veterinarian, or researcher. The dose(s) of the small molecule will vary, for 
example, depending upon the identity, size, and condition of the subject or sample being 
treated, further depending upon the route by which the composition is to be 
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administered, if applicable, and the effect which the practitioner desires the small 
molecule to have upon the nucleic acid or polypeptide of the invention. 

Exemplary doses include milligram or microgram amounts of the small molecule 
per kilogram of subject or sample weight (e.g., about 1 microgram per kilogram to about 
5 500 milligrams per kilogram, about 1 00 micrograms per kilogram to about 5 milligrams 
per kilogram, or about 1 microgram per kilogram to about 50 micrograms per kilogram. 
It is furthermore understood that appropriate doses of a small molecule depend upon the 
potency of the small molecule with respect to the expression or activity to be modulated. 
Such appropriate doses may be determined using the assays described herein. When one 

10 or more of these small molecules is to be administered to an animal (e.g., a human) in 
order to modulate expression or activity of a polypeptide or nucleic acid of the 
invention, a physician, veterinarian, or researcher may, for example, prescribe a 
relatively low dose at first, subsequently increasing the dose until an appropriate 
response is obtained. In addition, it is understood that the specific dose level for any 

15 particular animal subject will depend upon a variety of factors including the activity of 
the specific compound employed, the age, body weight, general health, gender, and diet 
of the subject, the time of administration, the route of administration, the rate of 
excretion, any drug combination, and the degree of expression or activity to be 
modulated. 

20 Further, an antibody (or fragment thereof) may be conjugated to a therapeutic 

moiety such as a cytotoxin, a therapeutic agent or a radioactive metal ion. A cytotoxin 
or cytotoxic agent includes any agent that is detrimental to cells. Examples include 
taxol, cytochalasin B, gramicidin D, ethidium bromide, emetine, mitomycin, etoposide, 
tenoposide, vincristine, vinblastine, colchicin, doxorubicin, daunorubicin, dihydroxy 

25 anthracin dione, mitoxantrone, mithramycin, actinomycin D, 1-dehydrotestosterone, 
glucocorticoids, procaine, tetracaine, lidocaine, propranolol, and puromycin and analogs 
or homologs thereof. Therapeutic agents include, but are not limited to, antimetabolites 
(e.g., methotrexate, 6-mercaptopurine, 6-thioguanine, cytarabine, 5-fluorouracil 
decarbazine), alkylating agents (e.g., mechlorethamine, thioepa chlorambucil, 

30 melphalan, carmustine (BSNU) and lomustine (CCNU), cyclothosphamide, busulfan, 
dibromomannitol, streptozotocin, mitomycin C, and cis-dichlorodiamine platinum (II) 
(DDP) cisplatin), anthracyclines (e.g., daunorubicin (formerly daunomycin) and 
doxorubicin), antibiotics (e.g., dactinomycin (formerly actinomycin), bleomycin, 
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mithramycin, and anthramycin (AMC)), and anti-mitotic agents {e.g., vincristine and 
vinblastine). 

The conjugates of the invention can be used for modifying a given biological 
response, the drug moiety is not to be construed as limited to classical chemical 
5 therapeutic agents. For example, the drug moiety may be a protein or polypeptide 

possessing a desired biological activity. Such proteins may include, for example, a toxin 
such as abrin, ricin A, pseudomonas exotoxin, or diphtheria toxin; a protein such as 
tumor necrosis factor, alpha-interferon, beta-interferon, nerve growth factor, platelet 
derived growth factor, tissue plasminogen activator; or, biological response modifiers 

10 such as, for example, lymphokines, interleukin-1 ("EL-l"), interleukin-2 ("IL-2"), 

interleukin-6 ("IL-6"), granulocyte macrophase colony stimulating factor ("GM-CSF"), 
granulocyte colony stimulating factor ("G-CSF"), or other growth factors. 

Techniques for conjugating such therapeutic moiety to antibodies are well 
known, see, e.g., Arnon etal, "Monoclonal Antibodies For Immunotargeting Of Drugs 

15 In Cancer Therapy", in Monoclonal Antibodies And Cancer Therapy, Reisfeld et al 
(eds.), pp. 243-56 (Alan R. Liss, Inc. 1985); Hellstrom et al, "Antibodies For Drug 
Delivery", in Controlled Drug Delivery (2nd Ed.), Robinson et al. (eds.), pp. 623-53 
(Marcel Dekker, Inc. 1987); Thorpe, "Antibody Carriers Of Cytotoxic Agents In Cancer 
Therapy: A Review", in Monoclonal Antibodies '84: Biological And Clinical 

20 Applications, Pinchera et al (eds.), pp. 475-506 (1985); "Analysis, Results, And Future 
Prospective Of The Therapeutic Use Of Radiolabeled Antibody In Cancer Therapy", in 
Monoclonal Antibodies For Cancer Detection And Therapy, Baldwin et al (eds.), pp. 
303-16 (Academic Press 1985), and Thorpe et al, "The Preparation And Cytotoxic 
Properties Of Antibody-Toxin Conjugates", Immunol Rev., 62: 1 19-58 (1982). 

25 Alternatively, an antibody can be conjugated to a second antibody to form an antibody 
heteroconjugate as described by Segal in U.S. Patent No. 4,676,980. 

The nucleic acid molecules of the invention can be inserted into vectors and used 
as gene therapy vectors. Gene therapy vectors can be delivered to a subject by, for 
example, intravenous injection, local administration (see U.S. Patent 5,328,470) or by 

30 stereotactic injection (see e.g., Chen et al (1994) Proc. Natl Acad. Sci. USA 91 :3054- 
3057). The pharmaceutical preparation of the gene therapy vector can include the gene 
therapy vector in an acceptable diluent, or can comprise a slow release matrix in which 
the gene delivery vehicle is imbedded. Alternatively, where the complete gene delivery 
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vector can be produced intact from recombinant cells, e.g., retroviral vectors, the 
pharmaceutical preparation can include one or more cells which produce the gene 
delivery system. 

The pharmaceutical compositions can be included in a container, pack, or 
5 dispenser together with instructions for administration. 

VI. Uses and Methods of the Invention 

The nucleic acid molecules, proteins, protein homologues, and antibodies 
described herein can be used in one or more of the following methods: a) screening 

1 0 assays; b) predictive medicine (e.g. , diagnostic assays, prognostic assays, monitoring 
clinical trials, and pharmacogenetics); and c) methods of treatment (e.g., therapeutic and 
prophylactic). As described herein, an LGR6 protein of the invention has one or more of 
the following activities: (1) it can interact with (e.g., bind to) an extracellular signal, 
e.g., a glycohormone, or a cell surface receptor; (2) it can mobilize an intracellular 

1 5 molecule that participates in a signal transduction pathway such as adenylate cyclase or 
phosphatidylinositol 4,5-bisphosphate (PIP2), inositol 1,4,5-triphosphate (IP3); (3) it can 
modulate cell attachment; (4) it can modulate neural development and maintenance; (5) 
it can modulate thermogenesis in adipocytes, e.g., brown adipocytes or muscle; (6) 
modulate endocrine function; or (7) it can modulate cardiovascular activities. 

20 The isolated nucleic acid molecules of the invention can be used, for example, to 

express LGR6 protein (e.g., via a recombinant expression vector in a host cell in gene 
therapy applications), to detect LGR6 mRNA (e.g., in a biological sample) or a genetic 
alteration in an LGR6 gene, and to modulate LGR6 activity, as described further below. 
The LGR6 proteins can be used to treat disorders characterized by insufficient or 

25 excessive production of an LGR6 substrate or production of LGR6 inhibitors. In 
addition, the LGR6 proteins can be used to screen for naturally occurring LGR6 
substrates, to screen for drugs or compounds which modulate LGR6 activity, as well as 
to treat disorders characterized by insufficient or excessive production of LGR6 protein 
or production of LGR6 protein forms which have decreased or aberrant activity 

30 compared to LGR6 wild type protein (e.g., a weight disorder, e.g., obesity, anorexia, 
cachexia; a cardiovascular disorder, e.g., atherosclerosis, ischaemia reperfusion injury, 
cardiac hypertrophy, hypertension, coronary artery disease, myocardial infarction, 
arrythmia, cardiomyopathies, and congestive heart failure; a neural disorder). 
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Moreover, the anti-LGR6 antibodies of the invention can be used to detect and isolate 
LGR6 proteins, regulate the bioavailability of LGR6 proteins, and modulate LGR6 
activity. 

5 A. Screening Assays : 

The invention provides a method (also referred to herein as a "screening assay") 
for identifying modulators, i.e. y candidate or test compounds or agents (e.g., peptides, 
peptidomimetics, small molecules or other drugs) which bind to LGR6 proteins, have a 
stimulatory or inhibitory effect on, for example, LGR6 expression or LGR6 activity, or 
1 0 have a stimulatory or inhibitory effect on, for example, the expression or activity of 
LGR6 substrate. 

In one embodiment, the invention provides assays for screening candidate or test 
compounds which are substrates of an LGR6 protein or polypeptide or biologically 
active portion thereof In another embodiment, the invention provides assays for 

1 5 screening candidate or test compounds which bind to or modulate the activity of an 

LGR6 protein or polypeptide or biologically active portion thereof. The test compounds 
of the present invention can be obtained using any of the numerous approaches in 
combinatorial library methods known in the art, including: biological libraries; spatially 
addressable parallel solid phase or solution phase libraries; synthetic library methods 

20 requiring deconvolution; the 'one-bead one-compound' library method; and synthetic 
library methods using affinity chromatography selection. The biological library 
approach is limited to peptide libraries, while the other four approaches are applicable to 
peptide, non-peptide oligomer or small molecule libraries of compounds (Lam, K.S. 
(1 997) Anticancer Drug Des. 12:1 45). 

25 Examples of methods for the synthesis of molecular libraries can be found in the 

art, for example in: DeWitt et al (1993) Proc. Natl. Acad. Sci. U.S.A. 90:6909; Erb et 
al. (1994) Proc. Natl Acad. Sci. USA 91:11422; Zuckermann etal (1994). J. Med. 
Chem. 37:2678; Choetal (1993) Science 261:1303; Carrell etal (1994) Angew. Chem. 
Int. Ed. Engl 33:2059; Carell et al (1994) Angew. Chem. Int. Ed Engl. 33:2061; and in 

30 Galloped/. (1994) J. Med. Chem. 37:1233. 

Libraries of compounds may be presented in solution (e.g., Houghten (1992) 
Biotechniques 13:412-421), or on beads (Lam (1991) Nature 354:82-84), chips (Fodor 
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(1993) Nature 364:555-556), bacteria (Ladner USP 5,223,409), spores (Ladner USP 
•409), plasmids (Cull et al (1992) Proc Natl Acad Sci USA 89:1865-1869) or on phage 
(Scott and Smith (1990) Science 249:386-390); (Devlin (1990) Science 249:404-406); 
(Cwirla etal (1990) Proc, Natl Acad. Set 87:6378-6382); (Felici (1991) J. Mol Biol 
5 222:301-310); (Ladner supra.). 

In one embodiment, an assay is a cell-based assay in which a cell which 
expresses an LGR6 protein or biologically active portion thereof is contacted with a test 
compound and the ability of the test compound to modulate LGR6 activity is 
determined. Determining the ability of the test compound to modulate LGR6 activity 

10 can be accomplished by monitoring, for example, the release of a neurotransmitter from 
a cell which expresses LGR6. The cell, for example, can be of mammalian origin. 
Determining the ability of the test compound to modulate the ability of LGR6 to bind to 
a substrate can be accomplished, for example, by coupling the LGR6 substrate with a 
radioisotope or enzymatic label such that binding of the LGR6 substrate to LGR6 can be 

1 5 determined by detecting the labeled LGR6 substrate in a complex. For example, 
compounds (e.g., LGR6 substrates) can be labeled with 125^ 35$, 14 C> 0 r 3H, either 
directly or indirectly, and the radioisotope detected by direct counting of 
radioemmission or by scintillation counting. Alternatively, compounds can be 
enzymatically labeled with, for example, horseradish peroxidase, alkaline phosphatase, 

20 or luciferase, and the enzymatic label detected by determination of conversion of an 
appropriate substrate to product. 

It is also within the scope of this invention to determine the ability of a 
compound (e.g., LGR6 substrate) to interact with LGR6 without the labeling of any of 
the interactants. For example, a microphysiometer can be used to detect the interaction 

25 of a compound with LGR6 without the labeling of either the compound or the LGR6. 
McConnell, H. M. et al (1992) Science 257:1906-1912. As used herein, a 
"microphysiometer" (e.g., Cytosensor) is an analytical instrument that measures the rate 
at which a cell acidifies its environment using a light-addressable potentioraetric sensor 
(LAPS). Changes in this acidification rate can be used as an indicator of the interaction 

30 between a compound and LGR6. 

In another embodiment, an assay is a cell-based assay comprising contacting a 
cell expressing an LGR6 target molecule (e.g., an LGR6 substrate) with a test compound 
and determining the ability of the test compound to modulate (e.g. stimulate or inhibit) 
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the activity of the LGR6 target molecule. Determining the ability of the test compound 
to modulate the activity of an LGR6 target molecule can be accomplished, for example, 
by determining the ability of the LGR6 protein to bind to or interact with the LGR6 
target molecule. 

5 Determining the ability of the LGR6 protein or a biologically active fragment 

thereof, to bind to or interact with an LGR6 target molecule can be accomplished by one 
of the methods described above for determining direct binding. In a preferred 
embodiment, determining the ability of the LGR6 protein to bind to or interact with an 
LGR6 target molecule can be accomplished by determining the activity of the target 

10 molecule. For example, the activity of the target molecule can be determined by 

detecting induction of a cellular second messenger of the target (£e., intracellular Ca2+ 5 
diacyl glycerol, IP3, and the like), detecting catalytic/enzymatic activity of the target an 
appropriate substrate, detecting the induction of a reporter gene (comprising a target- 
responsive regulatory element operatively linked to a nucleic acid encoding a detectable 

1 5 marker, e.g., luciferase), or detecting a target-regulated cellular response. 

In yet another embodiment, an assay of the present invention is a cell-free assay 
in which an LGR6 protein or biologically active portion thereof is contacted with a test 
compound and the ability of the test compound to bind to the LGR6 protein or 
biologically active portion thereof is determined. Preferred biologically active portions 

20 of the LGR6 proteins to be used in assays of the present invention include fragments 
which participate in interactions with non-LGR6 molecules, e.g., extracellular ligand, or 
fragments with high surface probability scores. Binding of the test compound to the 
LGR6 protein can be determined either directly or indirectly as described above. In a 
preferred embodiment, the assay includes contacting the LGR6 protein or biologically 

25 active portion thereof with a known compound which binds LGR6 to form an assay 
mixture, contacting the assay mixture with a test compound, and determining the ability 
of the test compound to interact with an LGR6 protein, wherein determining the ability 
of the test compound to interact with an LGR6 protein comprises determining the ability 
of the test compound to preferentially bind to LGR6 or biologically active portion 

30 thereof as compared to the known compound. 

In another embodiment, the assay is a cell-free assay in which an LGR6 protein 
or biologically active portion thereof is contacted with a test compound and the ability 
of the test compound to modulate [e.g. , stimulate or inhibit) the activity of the LGR6 
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protein or biologically active portion thereof is determined. Determining the ability of 
the test compound to modulate the activity of an LGR6 protein can be accomplished, for 
example, by determining the ability of the LGR6 protein to bind to an LGR6 target 
molecule by one of the methods described above for determining direct binding. 
5 Determining the ability of the LGR6 protein to bind to an LGR6 target molecule can 
also be accomplished using a technology such as real-time Biomolecular Interaction 
Analysis (BIA). Sjolander, S. and Urbaniczky, C. (1991) Anal Chem. 63:2338-2345 
and Szabo et al (1995) Curr. Opin, Struct Biol 5:699-705. As used herein, "BIA" is a 
technology for studying biospecific interactions in real time, without labeling any of the 
10 interactants {e.g., BIAcore). Changes in the optical phenomenon of surface plasmon 
resonance (SPR) can be used as an indication of real-time reactions between biological 
molecules. 

In an alternative embodiment, determining the ability of the test compound to 
modulate the activity of an LGR6 protein can be accomplished by determining the 

1 5 ability of the LGR6 protein to further modulate the activity of a downstream effector of 
an LGR6 target molecule. For example, the activity of the effector molecule on an 
appropriate target can be determined or the binding of the effector to an appropriate 
target can be determined as previously described. 

In yet another embodiment, the cell-free assay involves contacting an LGR6 

20 protein or biologically active portion thereof with a known compound which binds the 
LGR6 protein to form an assay mixture, contacting the assay mixture with a test 
compound, and determining the ability of the test compound to interact with the LGR6 
protein, wherein determining the ability of the test compound to interact with the LGR6 
protein comprises determining the ability of the LGR6 protein to preferentially bind to 

25 or modulate the activity of an LGR6 target molecule. 

The cell-free assays of the present invention are amenable to use of both soluble 
and/or membrane-bound forms of isolated proteins (e.g., LGR6 proteins or biologically 
active portions thereof). In the case of cell-free assays in which a membrane-bound 
form an isolated protein is used (e.g., an LGR6 protein) it may be desirable to utilize a 

30 solubilizing agent such that the membrane-bound form of the isolated protein is 
maintained in solution. Examples of such solubilizing agents include non-ionic 
detergents such as n-octylglucoside, n-dodecylglucoside, n-dodecylmaltoside, octanoyl- 
N-methylglucamide, decanoyl-N-methylglucamide, Triton® X-100, Triton® X-l 14, 
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Thesit®, Isotridecypoly(ethylene glycol ether) n , 3-[(3- 
cholamidopropyl)dimethylaxnii]inio]-l-propane sulfonate (CHAPS), 3-[(3- 
cholamidopropyl)dimethylamminio]-2-hydroxy-l -propane sulfonate (CHAPSO), or N- 
dodecyl=N,N-dimethy 1-3-ammonio- 1 -propane sulfonate. 
5 In more than one embodiment of the above assay methods of the present 

invention, it may be desirable to immobilize either LGR6 or its target molecule to 
facilitate separation of complexed from uncomplexed forms of one or both of the 
proteins, as well as to accommodate automation of the assay. Binding of a test 
compound to an LGR6 protein, or interaction of an LGR6 protein with a target molecule 

10 in the presence and absence of a candidate compound, can be accomplished in any 

vessel suitable for containing the reactants. Examples of such vessels include microtitre 
plates, test tubes, and micro-centrifuge tubes. In one embodiment, a fusion protein can 
be provided which adds a domain that allows one or both of the proteins to be bound to 
a matrix. For example, glutathione-S-transferase/ LGR6 fusion proteins or glutathione- 

15 S-transferase/target fusion proteins can be adsorbed onto glutathione sepharose beads 
(Sigma Chemical, St. Louis, MO) or glutathione derivatized microtitre plates, which are 
. then combined with the test compound or the test compound and either the non-adsorbed 
target protein or LGR6 protein, and the mixture incubated under conditions conducive to 
complex formation {e.g., at physiological conditions for salt and pH). Following 

20 incubation, the beads or microtitre plate wells are washed to remove any unbound 
components, the matrix immobilized in the case of beads, complex determined either 
directly or indirectly, for example, as described above. Alternatively, the complexes can 
be dissociated from the matrix, and the level of LGR6 binding or activity determined 
using standard techniques. 

25 Other techniques for immobilizing proteins on matrices can also be used in the 

screening assays of the invention. For example, either an LGR6 protein or an LGR6 
target molecule can be immobilized utilizing conjugation of biotin and streptavidin. 
Biotinylated LGR6 protein or target molecules can be prepared from biotin-NHS (N- 
hydroxy-succinimide) using techniques known in the art {e.g., biotinylation kit, Pierce 

30 Chemicals, Rockford, IL), and immobilized in the wells of streptavidin-coated 96 well 
plates (Pierce Chemical). Alternatively, antibodies reactive with LGR6 protein or target 
molecules but which do not interfere with binding of the LGR6 protein to its target 
molecule can be derivatized to the wells of the plate, and unbound target or LGR6 
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protein trapped in the wells by antibody conjugation. Methods for detecting such 
complexes, in addition to those described above for the GST-immobilized complexes, 
include immunodetection of complexes using antibodies reactive with the LGR6 protein 
or target molecule, as well as enzyme-linked assays which rely on detecting an 
5 enzymatic activity associated with the LGR6 protein or target molecule. 

In another embodiment, modulators of LGR6 expression are identified in a 
method wherein a cell is contacted with a candidate compound and the expression of 
LGR6 mRNA or protein in the cell is determined. The level of expression of LGR6 
mRNA or protein in the presence of the candidate compound is compared to the level of 

1 0 expression of LGR6 mRNA or protein in the absence of the candidate compound. The 
candidate compound can then be identified as a modulator of LGR6 expression based on 
this comparison. For example, when expression of LGR6 mRNA or protein is greater 
(statistically significantly greater) in the presence of the candidate compound than in its 
absence, the candidate compound is identified as a stimulator of LGR6 mRNA or 

15 protein expression. Alternatively, when expression of LGR6 mRNA or protein is less 
(statistically significantly less) in the presence of the candidate compound than in its 
absence, the candidate compound is identified as an inhibitor of LGR6 mRNA or protein 
expression. The level of LGR6 mRNA or protein expression in the cells can be 
determined by methods described herein for detecting LGR6 mRNA or protein. 

20 In yet another aspect of the invention, the LGR6 proteins can be used as "bait 

proteins" in a two-hybrid assay or three-hybrid assay (see, e.g. , U.S. Patent No. 
5,283,317; Zervos etal. (1993) Cell 72:223-232; Madura etal (1993)J. Biol Chem. 
268:12046-12054; Bartel etal (1993) Biotechniques 14:920-924; Iwabuchi etal. 
(1993) Oncogene 8:1693-1696; and Brent WO94/10300), to identify other proteins, 

25 which bind to or interact with LGR6 ("LGR6-binding proteins" or "LGR6-bp") and are 
involved in LGR6 activity. Such LGR6-binding proteins are also likely to be involved 
in the propagation of signals by the LGR6 proteins or LGR6 targets as, for example, 
downstream elements of an LGR6-mediated signaling pathway (e.g., adenylate cyclase). 
Alternatively, such LGR6-binding proteins are likely to be LGR6 inhibitors. 

30 The two-hybrid system is based on the modular nature of most transcription 

factors, which consist of separable DNA-binding and activation domains. Briefly, the 
assay utilizes two different DNA constructs. In one construct, the gene that codes for an 
LGR6 protein is fused to a gene encoding the DNA binding domain of a known 
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transcription factor (e.g. , GAL-4). In the other construct, a DNA sequence, from a 
library of DNA sequences, that encodes an unidentified protein ("prey" or "sample") is 
fused to a gene that codes for the activation domain of the known transcription factor. If 
the "bait" and the "prey" proteins are able to interact, in vivo, forming an LGR6- 
5 dependent complex, the DNA-binding and activation domains of the transcription factor 
are brought into close proximity. This proximity allows transcription of a reporter gene 
(e.g., LacZ) which is operably linked to a transcriptional regulatory site responsive to 
the transcription factor. Expression of the reporter gene can be detected and cell 
colonies containing the functional transcription factor can be isolated and used to obtain 

10 the cloned gene which encodes the protein which interacts with the LGR6 protein. 

This invention further pertains to novel agents identified by the above-described 
screening assays. Accordingly, it is within the scope of this invention to further use an 
agent identified as described herein in an appropriate animal model. For example, an 
agent identified as described herein (e.g., an LGR6 modulating agent, an antisense 

1 5 LGR6 nucleic acid molecule, an LGR6-specific antibody, or an LGR6-binding partner) 
can be used in an animal model to determine the efficacy, toxicity, or side effects of 
treatment with such an agent. Alternatively, an agent identified as described herein can 
be used in an animal model to determine the mechanism of action of such an agent. 
Furthermore, this invention pertains to uses of novel agents identified by the above- 

20 described screening assays for treatments as described herein. 



B. Detection Assays 

Portions or fragments of the cDNA sequences identified herein (and the 
corresponding complete gene sequences) can be used in numerous ways as 
25 polynucleotide reagents. For example, these sequences can be used to: (i) map their 
respective genes on a chromosome; and, thus, locate gene regions associated with 
genetic disease; (ii) identify an individual from a minute biological sample (tissue 
typing); and (iii) aid in forensic identification of a biological sample. These applications 
are described in the subsections below. 

30 

1. Chromosome Mapping 

Once the sequence (or a portion of the sequence) of a gene has been isolated, this 
sequence can be used to map the location of the gene on a chromosome. This process is 
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called chromosome mapping. Accordingly, portions or fragments of the LGR6 
nucleotide sequences, described herein, can be used to map the location of the LGR6 
genes on a chromosome. The mapping of the LGR6 sequences to chromosomes is an 
important first step in correlating these sequences with genes associated with disease. 
5 Briefly, LGR6 genes can be mapped to chromosomes by preparing PCR primers 

(preferably 15-25 bp in length) from the LGR6 nucleotide sequences. Computer 
analysis of the LGR6 sequences can be used to predict primers that do not span more 
than one exon in the genomic DNA, thus complicating the amplification process. These 
primers can then be used for PCR screening of somatic cell hybrids containing 

1 0 individual human chromosomes. Only those hybrids containing the human gene 
corresponding to the LGR6 sequences will yield an amplified fragment. 

Somatic cell hybrids are prepared by fusing somatic cells from different 
mammals (e.g., human and mouse cells). As hybrids of human and mouse cells grow 
and divide, they gradually lose human chromosomes in random order, but retain the 

15 mouse chromosomes. By using media in which mouse cells cannot grow, because they 
lack a particular enzyme, but human cells can, the one human chromosome that contains 
the gene encoding the needed enzyme, will be retained. By using various media, panels 
of hybrid cell lines can be established. Each cell line in a panel contains either a single 
human chromosome or a small number of human chromosomes, and a full set of mouse 

20 chromosomes, allowing easy mapping of individual genes to specific human 
chromosomes. (D f Eustachio P. etal (1983) Science 220:919-924). Somatic cell 
hybrids containing only fragments of human chromosomes can also be produced by 
using human chromosomes with translocations and deletions. 

PCR mapping of somatic cell hybrids is a rapid procedure for assigning a 

25 particular sequence to a particular chromosome. Three or more sequences can be 

assigned per day using a single thermal cycler. Using the LGR6 nucleotide sequences to 
design oligonucleotide primers, sublocalization can be achieved with panels of 
fragments from specific chromosomes. Other mapping strategies which can similarly be 
used to map an LGR6 sequence to its chromosome include in situ hybridization 

30 (described in Fan, Y. et al (1990) Proc. Natl Acad. Sci. USA, 87:6223-27), pre- 

screening with labeled flow-sorted chromosomes, and pre-selection by hybridization to 
chromosome specific cDNA libraries. 
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Fluorescence in situ hybridization (FISH) of a DNA sequence to a metaphase 
chromosomal spread can further be used to provide a precise chromosomal location in 
one step. Chromosome spreads can be made using cells whose division has been 
blocked in metaphase by a chemical such as colcemid that disrupts the mitotic spindle. 
5 The chromosomes can be treated briefly with trypsin, and then stained with Giemsa. A 
pattern of light and dark bands develops on each chromosome, so that the chromosomes 
can be identified individually. The FISH technique can be used with a DNA sequence 
as short as 500 or 600 bases. However, clones larger than 1 ,000 bases have a higher 
likelihood of binding to a unique chromosomal location with sufficient signed intensity 

10 for simple detection. Preferably 1,000 bases, and more preferably 2,000 bases will 
suffice to get good results at a reasonable amount of time. For a review of this 
technique, see Verma et aL, Human Chromosomes: A Manual of Basic Techniques 
(Pergamon Press, New York 1988). 

Reagents for chromosome mapping can be used individually to mark a single 

15 chromosome or a single site on that chromosome, or panels of reagents can be used for 
marking multiple sites and/or multiple chromosomes. Reagents corresponding to 
noncoding regions of the genes actually are preferred for mapping purposes. Coding 
sequences are more likely to be conserved within gene families, thus increasing the 
chance of cross hybridizations during chromosomal mapping. 

20 Once a sequence has been mapped to a precise chromosomal location, the 

physical position of the sequence on the chromosome can be correlated with genetic 
map data. (Such data are found, for example, in V. McKusick, Mendelian Inheritance in 
Man, available on-line through Johns Hopkins University Welch Medical Library). The 
relationship between a gene and a disease, mapped to the same chromosomal region, can 

25 then be identified through linkage analysis (co-inheritance of physically adjacent genes), 
described in, for example, Egeland, J. et aL (1987) Nature, 325:783-787. 

Moreover, differences in the DNA sequences between individuals affected and 
unaffected with a disease associated with the LGR6 gene, can be determined. If a 
mutation is observed in some or all of the affected individuals but not in any unaffected 

30 individuals, then the mutation is likely to be the causative agent of the particular disease. 
Comparison of affected and unaffected individuals generally involves first looking for 
structural alterations in the chromosomes, such as deletions or translocations that are 
visible from chromosome spreads or detectable using PCR based on that DNA sequence. 
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Ultimately, complete sequencing of genes from several individuals can be performed to 
confirm the presence of a mutation and to distinguish mutations from polymorphisms. 

2. Tissue Typing 

5 The LGR6 sequences of the present invention can also be used to identify 

individuals from minute biological samples. The United States military, for example, is 
considering the use of restriction fragment length polymorphism (RFLP) for 
identification of its personnel. In this technique, an individual's genomic DNA is 
digested with one or more restriction enzymes, and probed on a Southern blot to yield 

10 unique bands for identification. This method does not suffer from the current limitations 
of "Dog Tags" which can be lost, switched, or stolen, making positive identification 
difficult. The sequences of the present invention are useful as additional DNA markers 
for RFLP (described in U.S. Patent 5,272,057). 

Furthermore, the sequences of the present invention can be used to provide an 

15 alternative technique which determines the actual base-by-base DNA sequence of 
selected portions of an individual's genome. Thus, the LGR6 nucleotide sequences 
described herein can be used to prepare two PCR primers from the 5' and 3 f ends of the 
sequences. These primers can then be used to amplify an individual's DNA and 
subsequently sequence it. 

20 Panels of corresponding DNA sequences from individuals, prepared in this 

manner, can provide unique individual identifications, as each individual will have a 
unique set of such DNA sequences due to allelic differences. The sequences of the 
present invention can be used to obtain such identification sequences from individuals 
and from tissue. The LGR6 nucleotide sequences of the invention uniquely represent 

25 portions of the human genome. Allelic variation occurs to some degree in the coding 
regions of these sequences, and to a greater degree in the noncoding regions. It is 
estimated that allelic variation between individual humans occurs with a frequency of 
about once per each 500 bases. Each of the sequences described herein can, to some 
degree, be used as a standard against which DNA from an individual can be compared 

30 for identification purposes. Because greater numbers of polymorphisms occur in the 
noncoding regions, fewer sequences are necessary to differentiate individuals. The 
noncoding sequences of SEQ ID NO:l, SEQ ID NO:4, SEQ ID NO:7, or SEQ ID 
NO: 1 0 can comfortably provide positive individual identification with a panel of 
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perhaps 10 to 1,000 primers which each yield a noncoding amplified sequence of 100 
bases. If predicted coding sequences, such as those in SEQ ID NO:3, SEQ ID NO:6, 
SEQ ID NO:9, SEQ ID NO: 12 are used, a more appropriate number of primers for 
positive individual identification would be 500-2,000. 
5 If a panel of reagents from LGR6 nucleotide sequences described herein is used 

to generate a unique identification database for an individual, those same reagents can 
later be used to identify tissue from that individual. Using the unique identification 
database, positive identification of the individual, living or dead, can be made from 
extremely small tissue samples. 

10 

3. Use of Partial LGR6 Sequences in Forensic Biology 
DNA-based identification techniques can also be used in forensic biology. 
Forensic biology is a scientific field employing genetic typing of biological evidence 
found at a crime scene as a means for positively identifying, for example, a perpetrator 

15 of a crime. To make such an identification, PCR technology can be used to amplify 
DNA sequences taken from very small biological samples such as tissues, e.g., hair or 
skin, or body fluids, e.g., blood, saliva, or semen found at a crime scene. The amplified 
sequence can then be compared to a standard, thereby allowing identification of the 
origin of the biological sample. 

20 The sequences of the present invention can be used to provide polynucleotide 

reagents, e.g., PCR primers, targeted to specific loci in the human genome, which can 
enhance the reliability of DNA-based forensic identifications by, for example, providing 
another "identification marker" (i.e. another DNA sequence that is unique to a particular 
individual). As mentioned above, actual base sequence information can be used for 

25 identification as an accurate alternative to patterns formed by restriction enzyme 

generated fragments. Sequences targeted to noncoding regions of SEQ ID NO:7 or SEQ 
ID NO: 10 are particularly appropriate for this use as greater numbers of polymorphisms 
occur in the noncoding regions, making it easier to differentiate individuals using this 
technique. Examples of polynucleotide reagents include the LGR6 nucleotide sequences 

30 or portions thereof, e.g., fragments derived from the noncoding regions of SEQ ID NO:7 
and SEQ ID NO: 10, having a length of at least 20 bases, preferably at least 30 bases. 

The LGR6 nucleotide sequences described herein can further be used to provide 
polynucleotide reagents, e.g., labeled or labelable probes which can be used in, for 
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example, an in situ hybridization technique, to identify a specific tissue, e.g., brain 
tissue. This can be very useful in cases where a forensic pathologist is presented with a 
tissue of unknown origin. Panels of such LGR6 probes can be used to identify tissue by 
species and/or by organ type. 
5 In a similar fashion, these reagents, e.g. , LGR6 primers or probes can be used to 

screen tissue culture for contamination (i.e. screen for the presence of a mixture of 
different types of cells in a culture). 

C. Predictive Medicine : 

10 The present invention also pertains to the field of predictive medicine in which 

diagnostic assays, prognostic assays, and monitoring clinical trials are used for 
prognostic (predictive) purposes to thereby treat an individual prophylactically. 
Accordingly, one aspect of the present invention relates to diagnostic assays for 
determining LGR6 protein and/or nucleic acid expression as well as LGR6 activity, in 

1 5 the context of a biological sample (e.g. , blood, serum, cells, tissue) to thereby determine 
whether an individual is afflicted with a disease or disorder, or is at risk of developing a 
disorder, associated with aberrant LGR6 expression or activity. The invention also 
provides for prognostic (or predictive) assays for determining whether an individual is at 
risk of developing a disorder associated with LGR6 protein, nucleic acid expression or 

20 activity. For example, mutations in an LGR6 gene can be assayed in a biological 
sample. Such assays can be used for prognostic or predictive purpose to thereby 
phophylactically treat an individual prior to the onset of a disorder characterized by or 
associated with LGR6 protein, nucleic acid expression or activity. 

Another aspect of the invention pertains to monitoring the influence of agents 

25 (e.g. , drugs, compounds) on the expression or activity of LGR6 in clinical trials. 

These and other agents are described in further detail in the following sections. 

1. Diagnostic Assays 

An exemplary method for detecting the presence or absence of LGR6 protein or 
30 nucleic acid in a biological sample involves obtaining a biological sample from a test 
subject and contacting the biological sample with a compound or an agent capable of 
detecting LGR6 protein or nucleic acid (e.g., mRNA, genomic DNA) that encodes 
LGR6 protein such that the presence of LGR6 protein or nucleic acid is detected in the 
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biological sample. A preferred agent for detecting LGR6 mRNA or genomic DNA is a 
labeled nucleic acid probe capable of hybridizing to LGR6 mRNA or genomic DNA, 
The nucleic acid probe can be, for example, a full-length LGR6 nucleic acid, such as the 
nucleic acid of SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:12, or a 
5 portion thereof, such as an oligonucleotide of at least 15, 30, 50, 100, 250 or 500 

nucleotides in length and sufficient to specifically hybridize under stringent conditions 
to LGR6 mKNA or genomic DNA. Other suitable probes for use in the diagnostic 
assays of the invention are described herein. 

A preferred agent for detecting LGR6 protein is an antibody capable of binding 

10 to LGR6 protein, preferably an antibody with a detectable label. Antibodies can be 
polyclonal, or more preferably, monoclonal. An intact antibody, or a fragment thereof 
(e.g., Fab or F(ab')2) can be used. The term "labeled", with regard to the probe or 
antibody, is intended to encompass direct labeling of the probe or antibody by coupling 
(/.&, physically linking) a detectable substance to the probe or antibody, as well as 

1 5 indirect labeling of the probe or antibody by reactivity with another reagent that is 

directly labeled. Examples of indirect labeling include detection of a primary antibody 
using a fluorescently labeled secondary antibody and end-labeling of a DNA probe with 
biotin such that it can be detected with fluorescently labeled streptavidin. The term 
"biological sample" is intended to include tissues, cells and biological fluids isolated 

20 from a subject, as well as tissues, cells and fluids present within a subject. That is, the 
detection method of the invention can be used to detect LGR6 mRNA, protein, or 
genomic DNA in a biological sample in vitro as well as in vivo. For example, in vitro 
techniques for detection of LGR6 mRNA include Northern hybridizations and in situ 
hybridizations. In vitro techniques for detection of LGR6 protein include enzyme linked 

25 immunosorbent assays (ELISAs), Western blots, immunoprecipitations and 

immunofluorescence. In vitro techniques for detection of LGR6 genomic DNA include 
Southern hybridizations. Furthermore, in vivo techniques for detection of LGR6 protein 
include introducing into a subject a labeled anti-LGR6 antibody. For example, the 
antibody can be labeled with a radioactive marker whose presence and location in a 

30 subject can be detected by standard imaging techniques. 

In one embodiment, the biological sample contains protein molecules from the 
test subject. Alternatively, the biological sample can contain mRNA molecules from the 



WO 01/85768 PCT/US01/15002 

-92- 

test subject or genomic DNA molecules from the test subject. A preferred biological 
sample is a serum sample isolated by conventional means from a subject. 

In another embodiment, the methods further involve obtaining a control 
biological sample from a control subject, contacting the control sample with a 
5 compound or agent capable of detecting LGR6 protein, mRNA, or genomic DNA, such 
that the presence of LGR6 protein, mRNA or genomic DNA is detected in the biological 
sample, and comparing the presence of LGR6 protein, mRNA or genomic DNA in the 
control sample with the presence of LGR6 protein, mRNA or genomic DNA in the test 
sample. 

10 The invention also encompasses kits for detecting the presence of LGR6 in a 

biological sample. For example, the kit can comprise a labeled compound or agent 
capable of detecting LGR6 protein or mRNA in a biological sample; means for 
determining the amount of LGR6 in the sample; and means for comparing the amount of 
LGR6 in the sample with a standard. The compound or agent can be packaged in a 

1 5 suitable container. The kit can further comprise instructions for using the kit to detect 
LGR6 protein or nucleic acid. 

2. Prognostic Assays 

The diagnostic methods described herein can furthermore be utilized to identify 
20 subjects having or at risk of developing a disease or disorder associated with aberrant 
LGR6 expression or activity. For example, the assays described herein, such as the 
preceding diagnostic assays or the following assays, can be utilized to identify a subject 
having or at risk of developing a disorder associated with a misregulation in LGR6 
protein activity or nucleic acid expression, such as a weight, cardiovascular, neural or 
25 endocrine disorder. Alternatively, the prognostic assays can be utilized to identify a 
subject having or at risk for developing a disorder associated with a misregulation in 
LGR6 protein activity or nucleic acid expression, such as a weight, cardiovascular, 
neural or endocrine disorder. Thus, the present invention provides a method for 
identifying a disease or disorder associated with aberrant LGR6 expression or activity in 
30 which a test sample is obtained from a subject and LGR6 protein or nucleic acid (e.g. , 
mRNA or genomic DNA) is detected, wherein the presence of LGR6 protein or nucleic 
acid is diagnostic for a subject having or at risk of developing a disease or disorder 
associated with aberrant LGR6 expression or activity. As used herein, a "test sample" 
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refers to a biological sample obtained from a subject of interest. For example, a test 
sample can be a biological fluid (e.g., serum), cell sample, or tissue. 

Furthermore, the prognostic assays described herein can be used to determine 
whether a subject can be administered an agent {e.g., an agonist, antagonist, 
5 peptidomimetic, protein, peptide, nucleic acid, small molecule, or other drug candidate) 
to treat a disease or disorder associated with aberrant LGR6 expression or activity. For 
example, such methods can be used to determine whether a subject can be effectively 
treated with an agent for a weight, cardiovascular, neural or endocrine disorder. Thus, 
the present invention provides methods for determining whether a subject can be 

1 0 effectively treated with an agent for a disorder associated with aberrant LGR6 

expression or activity in which a test sample is obtained and LGR6 protein or nucleic 
acid expression or activity is detected (e.g., wherein the abundance of LGR6 protein or 
nucleic acid expression or activity is diagnostic for a subject that can be administered 
the agent to treat a disorder associated with aberrant LGR6 expression or activity). 

1 5 The methods of the invention can also be used to detect genetic alterations in an 

LGR6 gene, thereby determining if a subject with the altered gene is at risk for a 
disorder characterized by misregulation in LGR6 protein activity or nucleic acid 
expression, such as a weight, cardiovascular, neural or endocrine disorder. In preferred 
embodiments, the methods include detecting, in a sample of cells from the subject, the 

20 presence or absence of a genetic alteration characterized by at least one of an alteration 
affecting the integrity of a gene encoding an LGR6-protein, or the mis-expression of the 
LGR6 gene. For example, such genetic alterations can be detected by ascertaining the 
existence of at least one of 1) a deletion of one or more nucleotides from an LGR6 gene; 
2) an addition of one or more nucleotides to an LGR6 gene; 3) a substitution of one or 

25 more nucleotides of an LGR6 gene, 4) a chromosomal rearrangement of an LGR6 gene; 
5) an alteration in the level of a messenger RNA transcript of an LGR6 gene, 6) aberrant 
modification of an LGR6 gene, such as of the methylation pattern of the genomic DNA, 
7) the presence of a non-wild type splicing pattern of a messenger RNA transcript of an 
LGR6 gene, 8) a non-wild type level of an LGR6-protein, 9) allelic loss of an LGR6 

30 gene, and 10) inappropriate post-translational modification of an LGR6-protein. As 
described herein, there are a large number of assays known in the art which can be used 
for detecting alterations in an LGR6 gene. A preferred biological sample is a tissue or 
serum sample isolated by conventional means from a subject. 
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In certain embodiments, detection of the alteration involves the use of a 
probe/primer in a polymerase chain reaction (PCR) (see, e.g., U.S. Patent Nos. 
4,683,195 and 4,683,202), such as anchor PCR or RACE PCR, or, alternatively, in a 
ligation chain reaction (LCR) (see, e.g., Landegran et al (1988) Science 241:1077-1080; 
5 and Nakazawa et al (1994) Proc. Natl Acad. Sci. USA 91 :360-364), the latter of which 
can be particularly useful for detecting point mutations in the LGR6-gene (see Abravaya 
et al (1995) Nucleic Acids Res .23:675-682). This method can include the steps of 
collecting a sample of cells from a subject, isolating nucleic acid (e.g., genomic, mRNA 
or both) from the cells of the sample, contacting the nucleic acid sample with one or 

10 more primers which specifically hybridize to an LGR6 gene under conditions such that 
hybridization and amplification of the LGR6-gene (if present) occurs, and detecting the 
presence or absence of an amplification product, or detecting the size of the 
amplification product and comparing the length to a control sample. It is anticipated 
that PCR and/or LCR may be desirable to use as a preliminary amplification step in 

1 5 conjunction with any of the techniques used for detecting mutations described herein. 

Alternative amplification methods include: self sustained sequence replication 
(Guatelli, J.C. etaL, (1990) Proc Natl. Acad. Sci. USA 87:1874-1878), transcriptional 
amplification system (Kwoh, D.Y. et aL, (1989) Proc. Natl. Acad. Sci. USA 86:1 173- 
1 1 77), Q-Beta Replicase (Lizardi, P.M. et al. (1 988) Bio-Technology 6:11 97), or any 

20 other nucleic acid amplification method, followed by the detection of the amplified 
molecules using techniques well known to those of skill in the art. These detection 
schemes are especially useful for the detection of nucleic acid molecules if such 
molecules are present in very low numbers. 

In an alternative embodiment, mutations in an LGR6 gene from a sample cell 

25 can be identified by alterations in restriction enzyme cleavage patterns. For example, 
sample and control DNA is isolated, amplified (optionally), digested with one or more 
restriction endonucleases, and fragment length sizes are determined by gel 
electrophoresis and compared. Differences in fragment length sizes between sample and 
control DNA indicates mutations in the sample DNA. Moreover, the use of sequence 

30 specific ribozymes (see, for example, U.S. Patent No. 5,498,53 1) can be used to score 
for the presence of specific mutations by development or loss of a ribozyme cleavage 
site. 
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In other embodiments, genetic mutations in LGR6 can be identified by 
hybridizing a sample and control nucleic acids, e.g., DNA or RNA, to high density 
arrays containing hundreds or thousands of oligonucleotides probes (Cronin, M.T. et al 
(1996) Human Mutation 7: 244-255; Kozal, M.J. et al (1996) Nature Medicine 2: 753- 
5 759). For example, genetic mutations in LGR6 can be identified in two dimensional 
arrays containing light-generated DNA probes as described in Cronin, M.T. et al supra. 
Briefly, a first hybridization array of probes can be used to scan through long stretches 
of DNA in a sample and control to identify base changes between the sequences by 
making linear arrays of sequential overlapping probes. This step allows the 

10 identification of point mutations. This step is followed by a second hybridization array 
that allows the characterization of specific mutations by using smaller, specialized probe 
arrays complementary to all variants or mutations detected. Each mutation array is 
composed of parallel probe sets, one complementary to the wild-type gene and the other 
complementary to the mutant gene. 

1 5 In yet another embodiment, any of a variety of sequencing reactions known in 

the art can be used to directly sequence the LGR6 gene and detect mutations by 
comparing the sequence of the sample LGR6 with the corresponding wild-type (control) 
sequence. Examples of sequencing reactions include those based on techniques 
developed by Maxam and Gilbert ((1977) Proc. Natl Acad Sci. USA 74:560) or Sanger 

20 ((1977) Proc. Natl Acad Set USA 74:5463). It is also contemplated that any of a 
variety of automated sequencing procedures can be utilized when performing the 
diagnostic assays ((1995) Biotechniques 19:448), including sequencing by mass 
spectrometry (see, e.g., PCT International Publication No. WO 94/16101; Cohen et al 
(1996) Adv. Chromatogr. 36:127-162; and Griffin et al (1993) Appl Biochem. 

25 Biotechnol 38:147-159). 

Other methods for detecting mutations in the LGR6 gene include methods in 
which protection from cleavage agents is used to detect mismatched bases in RNA/RNA 
or RNA/DNA heteroduplexes (Myers et al (1985) Science 230:1242). In general, the 
art technique of "mismatch cleavage" starts by providing heteroduplexes of formed by 

30 hybridizing (labeled) RNA or DNA containing the wild-type LGR6 sequence with 
potentially mutant RNA or DNA obtained from a tissue sample. The double-stranded 
duplexes are treated with an agent which cleaves single-stranded regions of the duplex 
such as which will exist due to basepair mismatches between the control and sample 
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strands. For instance, RNA/DNA duplexes can be treated with RNase and DNA/DNA 
hybrids treated with SI nuclease to enzymatically digesting the mismatched regions. In 
other embodiments, either DNA/DNA or RNA/DNA duplexes can be treated with 
hydroxylamine or osmium tetroxide and with piperidine in order to digest mismatched 
5 regions. After digestion of the mismatched regions, the resulting material is then 
separated by size on denaturing polyacrylamide gels to determine the site of mutation. 
See, for example, Cotton et al (1988) Proc. Natl Acad Sci USA 85:4397; Saleeba et al 
(1992) Methods Enzymol 217:286-295. In a preferred embodiment, the control DNA or 
RNA can be labeled for detection. 

1 0 In still another embodiment, the mismatch cleavage reaction employs one or 

more proteins that recognize mismatched base pairs in double-stranded DNA (so called 
"DNA mismatch repair" enzymes) in defined systems for detecting and mapping point 
mutations in LGR6 cDNAs obtained from samples of cells. For example, the mutY 
enzyme of E. coli cleaves A at G/A mismatches and the thymidine DNA glycosylase 

1 5 from HeLa cells cleaves T at G/T mismatches (Hsu et al (1 994) Carcinogenesis 

15: 1657-1662). According to an exemplary embodiment, a probe based on an LGR6 
sequence, e.g., a wild-type LGR6 sequence, is hybridized to a cDNA or other DNA 
product from a test cell(s). The duplex is treated with a DNA mismatch repair enzyme, 
and the cleavage products, if any, can be detected from electrophoresis protocols or the 

20 like. See, for example, U.S. Patent No. 5,459,039. 

In other embodiments, alterations in electrophoretic mobility will be used to 
identify mutations in LGR6 genes. For example, single strand conformation 
polymorphism (SSCP) may be used to detect differences in electrophoretic mobility 
between mutant and wild type nucleic acids (Orita et al (1989) Proc Natl Acad. Sci 

25 USA: 86:2766, see also Cotton (1993) Mutat. Res. 285:125-144; and Hayashi (1992) 
Genet Anal Tech. Appl 9:73-79). Single-stranded DNA fragments of sample and 
control LGR6 nucleic acids will be denatured and allowed to renature. The secondary 
structure of single-stranded nucleic acids varies according to sequence, the resulting 
alteration in electrophoretic mobility enables the detection of even a single base change. 

30 The DNA fragments may be labeled or detected with labeled probes. The sensitivity of 
the assay may be enhanced by using KNA (rather than DNA), in which the secondary 
structure is more sensitive to a change in sequence. In a preferred embodiment, the 
subject method utilizes heteroduplex analysis to separate double stranded heteroduplex 
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molecules on the basis of changes in electrophoretic mobility (Keen et al (1991) Trends 
Genet 7:5). 

In yet another embodiment the movement of mutant or wild-type fragments in 
polyacrylamide gels containing a gradient of denaturant is assayed using denaturing 
5 gradient gel electrophoresis (DGGE) (Myers et al (1985) Nature 3 13:495). When 

DGGE is used as the method of analysis, DNA will be modified to insure that it does not 
completely denature, for example by adding a GC clamp of approximately 40 bp of 
high-melting GC-rich DNA by PCR. In a further embodiment, a temperature gradient is 
used in place of a denaturing gradient to identify differences in the mobility of control 

10 and sample DNA (Rosenbaum and Reissner (1987) Biophys Chem 265:12753). 

Examples of other techniques for detecting point mutations include, but are not 
limited to, selective oligonucleotide hybridization, selective amplification, or selective 
primer extension. For example, oligonucleotide primers may be prepared in which the 
known mutation is placed centrally and then hybridized to target DNA under conditions 

1 5 which permit hybridization only if a perfect match is found (Saiki et al (1 986) Nature 
324:163); Saiki et al (1989) Proc. Natl Acad. Sci USA 86:6230). Such allele specific 
oligonucleotides are hybridized to PCR amplified target DNA or a number of different 
mutations when the oligonucleotides are attached to the hybridizing membrane and 
hybridized with labeled target DNA. 

20 Alternatively, allele specific amplification technology which depends on selective 

PCR amplification may be used in conjunction with the instant invention. 
Oligonucleotides used as primers for specific amplification may carry the mutation of 
interest in the center of the molecule (so that amplification depends on differential 
hybridization) (Gibbs et al (1989) Nucleic Acids Res. 17:2437-2448) or at the extreme 3' 

2*5 end of one primer where, under appropriate conditions, mismatch can prevent, or reduce 
polymerase extension (Prossner (1993) Tibtech 1 1 :238). In addition it may be desirable 
to introduce a novel restriction site in the region of the mutation to create cleavage-based 
detection (Gasparini et al (1992) Mol Cell Probes 6:1). It is anticipated that in certain 
embodiments amplification may also be performed using Taq ligase for amplification 

30 (Barany (1991) Proc. Natl Acad Sci USA 88:189). In such cases, ligation will occur 
only if there is a perfect match at the 3 1 end of the 5' sequence making it possible to detect 
the presence of a known mutation at a specific site by looking for the presence or absence 
of amplification. 
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The methods described herein may be performed, for example, by utilizing pre- 
packaged diagnostic kits comprising at least one probe nucleic acid or antibody reagent 
described herein, which may be conveniently used, e.g., in clinical settings to diagnose 
patients exhibiting symptoms or family history of a disease or illness involving an LGR6 
5 gene. 

Furthermore, any cell type or tissue in which LGR6 is expressed may be utilized 
in the prognostic assays described herein. 

3. Monitoring of Effects During Clinical Trials 

1 0 Monitoring the influence of agents (e.g. , drugs) on the expression or activity of 

an LGR6 protein (e.g., the modulation of membrane excitability or resting potential) can 
be applied not only in basic drug screening, but also in clinical trials. For example, the 
effectiveness of an agent determined by a screening assay as described herein to increase 
LGR6 gene expression, protein levels, or upregulate LGR6 activity, can be monitored in 

1 5 clinical trials of subjects exhibiting decreased LGR6 gene expression, protein levels, or 
downregulated LGR6 activity. Alternatively, the effectiveness of an agent determined 
by a screening assay to decrease LGR6 gene expression, protein levels, or downregulate 
LGR6 activity, can be monitored in clinical trials of subjects exhibiting increased LGR6 
gene expression, protein levels, or upregulated LGR6 activity. In such clinical trials, the 

20 expression or activity of an LGR6 gene, and preferably, other genes that have been 
implicated in, for example, an LGR6-associated disorder can be used as a "read out" or 
markers of the phenotype of a particular cell. 

For example, and not by way of limitation, genes, including LGR6, that are 
modulated in cells by treatment with an agent (e.g., compound, drug or small molecule) 

25 which modulates LGR6 activity (e.g., identified in a screening assay as described 
herein) can be identified. Thus, to study the effect of agents on LGR6-associated 
disorders, for example, in a clinical trial, cells can be isolated and RNA prepared and 
analyzed for the levels of expression of LGR6 and other genes implicated in the LGR6- 
mediated disorder, respectively. The levels of gene expression (e.g., a gene expression 

30 pattern) can be quantified by northern blot analysis or RT-PCR, as described herein, or 
alternatively by measuring the amount of protein produced, by one of the methods as 
described herein, or by measuring the levels of activity of LGR6 or other genes. In this 
way, the gene expression pattern can serve as a marker, indicative of the physiological 
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response of the cells to the agent. Accordingly, this response state may be determined 
before, and at various points during treatment of the individual with the agent. 

In a preferred embodiment, the present invention provides a method for 
monitoring the effectiveness of treatment of a subject with an agent (e.g., an agonist, 
5 antagonist, peptidomimetic, protein, peptide, nucleic acid, small molecule, or other drug 
candidate identified by the screening assays described herein) including the steps of (i) 
obtaining a pre-administration sample from a subject prior to administration of the. 
agent; (ii) detecting the level of expression of an LGR6 protein, mKNA, or genomic 
DNA in the preadministration sample; (iii) obtaining one or more post-administration 

10 samples from the subject; (iv) detecting the level of expression or activity of the LGR6 
protein, mRNA, or genomic DNA in the post-administration samples; (v) comparing the 
level of expression or activity of the LGR6 protein, mRNA, or genomic DNA in the pre- 
administration sample with the LGR6 protein, mRNA, or genomic DNA in the post 
administration sample or samples; and (vi) altering the administration of the agent to the 

15 subject accordingly. For example, increased administration of the agent may be 

desirable to increase the expression or activity of LGR6 to higher levels than detected, 
i.e. , to increase the effectiveness of the agent. Alternatively, decreased administration of 
the agent may be desirable to decrease expression or activity of LGR6 to lower levels 
than detected, i.e. to decrease the effectiveness of the agent. According to such an 

20 embodiment, LGR6 expression or activity may be used as an indicator of the 

effectiveness of an agent, even in the absence of an observable phenotypic response. 

C. Methods of Treatment : 

The present invention provides for both prophylactic and therapeutic methods of 
25 treating a subject at risk of (or susceptible to) a disorder or having a disorder associated 
with aberrant LGR6 expression or activity. With regards to both prophylactic and 
therapeutic methods of treatment, such treatments may be specifically tailored or 
modified, based on knowledge obtained from the field of pharmacogenomics. 
,t Pharmacogenomics ,, , as used herein, refers to the application of genomics technologies 
30 such as gene sequencing, statistical genetics, and gene expression analysis to drugs in 
clinical development and on the market. More specifically, the term refers the study of 
how a patient's genes determine his or her response to a drug (e.g., a patient's "drug 
response phenotype", or "drug response genotype".) Thus, another aspect of the 
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invention provides methods for tailoring an individual's prophylactic or therapeutic 
treatment with either the LGR6 molecules of the present invention or LGR6 modulators 
according to that individual's drug response genotype. Pharmacogenomics allows a 
clinician or physician to target prophylactic or therapeutic treatments to patients who 
5 will most benefit from the treatment and to avoid treatment of patients who will 
experience toxic drug-related side effects. 

1. Prophylactic Methods 

In one aspect, the invention provides a method for preventing in a subject, a 
10 disease or condition associated with an aberrant LGR6 expression or activity, by 

administering to the subject an LGR6 or an agent which modulates LGR6 expression or 
at least one LGR6 activity. Subjects at risk for a disease which is caused or contributed 
to by aberrant LGR6 expression or activity can be identified by, for example, any or a 
combination of diagnostic or prognostic assays as described herein. Administration of a 
1 5 prophylactic agent can occur prior to the manifestation of symptoms characteristic of the 
LGR6 aberrancy, such that a disease or disorder is prevented or, alternatively, delayed in 
its progression. Depending on the type of LGR6 aberrancy, for example, an LGR6, 
LGR6 agonist or LGR6 antagonist agent can be used for treating the subject. The 
appropriate agent can be determined based on screening assays described herein. 

20 

2. Therapeutic Methods 

Another aspect of the invention pertains to methods of modulating LGR6 
expression or activity for therapeutic purposes. Accordingly, in an exemplary 
embodiment, the modulatory method of the invention involves contacting a cell with an 

25 LGR6 or agent that modulates one or more of the activities of LGR6 protein activity 
associated with the cell. An agent that modulates LGR6 protein activity can be an agent 
as described herein, such as a nucleic acid or a protein, a naturally-occurring target 
molecule of an LGR6 protein (e.g., an LGR6 substrate), an LGR6 antibody, an LGR6 
agonist or antagonist, a peptidomimetic of an GPCR agonist or antagonist, or other small 

30 molecule. In one embodiment, the agent stimulates one or more LGR6 activities. 
Examples of such stimulatory agents include active LGR6 protein and a nucleic acid 
molecule encoding LGR6 that has been introduced into the cell. In another 
embodiment, the agent inhibits one or more LGR6 activities. Examples of such 



WO 01/85768 PCT7US01/15002 

- 101 - 

inhibitory agents include antisense LGR6 nucleic acid molecules, anti-LGR6 antibodies, 
and LGR6 inhibitors. These modulatory methods can be performed in vitro (e.g., by 
culturing the cell with the agent) or, alternatively, in vivo (e.g., by administering the 
agent to a subject). As such, the present invention provides methods of treating an 
5 individual afflicted with a disease or disorder characterized by aberrant expression or 
activity of an LGR6 protein or nucleic acid molecule. In one embodiment, the method 
involves administering an agent (e.g., an agent identified by a screening assay described 
herein), or combination of agents that modulates (e.g., upregulates or downregulates) 
LGR6 expression or activity. In another embodiment, the method involves 

10 administering an LGR6 protein or nucleic acid molecule as therapy to compensate for 
reduced or aberrant LGR6 expression or activity. 

A preferred embodiment of the present invention involves a method for 
treatment of an LGR6 associated disease or disorder which includes the step of 
administering a therapeutically effective amount of an LGR6 antibody to a subject. As 

15 defined herein, a therapeutically effective amount of antibody (i.e., an effective dosage) 
ranges from about 0.001 to 30 mg/kg body weight, preferably about 0.01 to 25 mg/kg 
body weight, more preferably about 0.1 to 20 mg/kg body weight, and even more 
preferably about 1 to 10 mg/kg, 2 to 9 mg/kg, 3 to 8 mg/kg, 4 to 7 mg/kg, or 5 to 6 
mg/kg body weight. The skilled artisan will appreciate that certain factors may 

20 influence the dosage required to effectively treat a subject, including but not limited to 
the severity of the disease or disorder, previous treatments, the general health and/or age 
of the subject, and other diseases present. Moreover, treatment of a subject with a 
therapeutically effective amount of an antibody can include a single treatment or, 
preferably, can include a series of treatments. In a preferred example, a subject is 

25 treated with antibody in the range of between about 0.1 to 20 mg/kg body weight, one 
time per week for between about 1 to 10 weeks, preferably between 2 to 8 weeks, more 
preferably between about 3 to 7 weeks, and even more preferably for about 4, 5, or 6 
weeks. It will also be appreciated that the effective dosage of antibody used for 
treatment may increase or decrease over the course of a particular treatment. Changes in 

30 dosage may result from the results of diagnostic assays as described herein. 

Stimulation of LGR6 activity is desirable in situations in which LGR6 is 
abnormally downregulated and/or in which increased LGR6 activity is likely to have a 
beneficial effect. For example, stimulation of LGR6 activity is desirable in situations in 
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which an LGR6 is downregulated and/or in which increased LGR6 activity is likely to 
have a beneficial effect. Likewise, inhibition of LGR6 activity is desirable in situations 
in which LGR6 is abnormally upregulated and/or in which decreased LGR6 activity is 
likely to have a beneficial effect 

5 

3. Pharmacogenomics 

The LGR6 molecules of the present invention, as well as agents, or modulators 
which have a stimulatory or inhibitory effect on LGR6 activity (e.g., LGR6 gene 
expression) as identified by a screening assay described herein can be administered to 

10 individuals to treat (prophylactically or therapeutically) LGR6 associated disorders (e.g, 
a weight disorder, e.g., obesity, cachexia, anorexia; a cardiovascular disorder, e.g., 
atherosclerosis, ischaemia reperfusion injury, cardiac hypertrophy, hypertension, 
coronary artery disease, myocardial infarction, arrythmia, cardiomyopathies, and 
congestive heart failure; a neural disorder, e.g., a CNS disorder; or an endocrine 

1 5 disorder) associated with aberrant LGR6 activity. In conjunction with such treatment, 
pharmacogenomics (i.e., the study of the relationship between an individual's genotype 
and that individual's response to a foreign compound or drug) may be considered. 
Differences in metabolism of therapeutics can lead to severe toxicity or therapeutic 
failure by altering the relation between dose and blood concentration of the 

20 pharmacologically active drug. Thus, a physician or clinician may consider applying 
knowledge obtained in relevant pharmacogenomics studies in determining whether to 
administer an LGR6 molecule or LGR6 modulator as well as tailoring the dosage and/or 
therapeutic regimen of treatment with an LGR6 molecule or LGR6 modulator. 

Pharmacogenomics deals with clinically significant hereditary variations in the 

25 response to drugs due to altered drug disposition and abnormal action in affected 

persons. See, for example, Eichelbaum, M. etal (1996) Clin. Exp. Pharmacol Physiol 
23(10-11) :983-985 and Linder, M.W. etal (1997) Clin. Chem. 43(2):254-266. In 
general, two types of pharmacogenetic conditions can be differentiated. Genetic 
conditions transmitted as a single factor altering the way drugs act on the body (altered 

30 drug action) or genetic conditions transmitted as single factors altering the way the body 
acts on drugs (altered drug metabolism). These pharmacogenetic conditions can occur 
either as rare genetic defects or as naturally-occurring polymorphisms. For example, 
glucose-6-phosphate dehydrogenase deficiency (G6PD) is a common inherited 
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enzymopathy in which the main clinical complication is haemolysis after ingestion of 
oxidant drugs (anti-malarials, sulfonamides, analgesics, nitrofurans) and consumption of 
fava beans. 

One pharmacogenomics approach to identifying genes that predict drug 
5 response, known as M a genome-wide association", relies primarily on a high-resolution 
map of the human genome consisting of already known gene-related markers (e.g., a 
H bi-allelic" gene marker map which consists of 60,000-100,000 polymorphic or variable 
sites on the human genome, each of which has two variants.) Such a high-resolution 
genetic map can be compared to a map of the genome of each of a statistically 

1 0 significant number of patients taking part in a Phase II/III drug trial to identify markers 
associated with a particular observed drug response or side effect. Alternatively, such a 
high resolution map can be generated from a combination of some ten-million known 
single nucleotide polymorphisms (SNPs) in the human genome. As used herein, a 
"SNP" is a common alteration that occurs in a single nucleotide base in a stretch of 

15 DNA. For example, a SNP may occur once per every 1000 bases of DNA. A SNP may 
be involved in a disease process, however, the vast majority may not be disease- 
associated. Given a genetic map based on the occurrence of such SNPs, individuals can 
be grouped into genetic categories depending on a particular pattern of SNPs in their 
individual genome. In such a manner, treatment regimens can be tailored to groups of 

20 genetically similar individuals, taking into account traits that may be common among 
such genetically similar individuals. 

Alternatively, a method termed the "candidate gene approach", can be utilized to 
identify genes that predict drug response. According to this method, if a gene that 
encodes a drugs target is known {e.g., an LGR6 protein of the present invention), all 

25 common variants of that gene can be fairly easily identified in the population and it can 
be determined if having one version of the gene versus another is associated with a 
particular drug response. 

As an illustrative embodiment, the activity of drug metabolizing enzymes is a 
major determinant of both the intensity and duration of drug action. The discovery of 

30 genetic polymorphisms of drug metabolizing enzymes (e.g., N-acetyltransferase 2 (NAT 
2) and cytochrome P450 enzymes CYP2D6 and CYP2C19) has provided an explanation 
as to why some patients do not obtain the expected drug effects or show exaggerated 
drug response and serious toxicity after taking the standard and safe dose of a drug. 
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These polymorphisms are expressed in two phenotypes in the population, the extensive 
metabolizer (EM) and poor metabolizer (PM). The prevalence of PM is different among 
different populations. For example, the gene coding for CYP2D6 is highly polymorphic 
and several mutations have been identified in PM, which all lead to the absence of 
5 functional CYP2D6. Poor metabolizers of CYP2D6 and CYP2C19 quite frequently 
experience exaggerated drug response and side effects when they receive standard 
doses. If a metabolite is the active therapeutic moiety, PM show no therapeutic 
response, as demonstrated for the analgesic effect of codeine mediated by its CYP2D6- 
formed metabolite morphine. The other extreme are the so called ultra-rapid 

10 metabolizers who do not respond to standard doses. Recently, the molecular basis of 
ultra-rapid metabolism has been identified to be due to CYP2D6 gene amplification. 

Alternatively, a method termed the "gene expression profiling", can be utilized to 
identify genes that predict drug response. For example, the gene expression of an 
animal dosed with a drug {e.g., an LGR6 molecule or LGR6 modulator of the present 

1 5 invention) can give an indication whether gene pathways related to toxicity have been 
turned on. 

Information generated from more than one of the above pharmacogenomics 
approaches can be used to determine appropriate dosage and treatment regimens for 
prophylactic or therapeutic treatment an individual. This knowledge, when applied to 

20 dosing or drug selection, can avoid adverse reactions or therapeutic failure and thus 
enhance therapeutic or prophylactic efficiency when treating a subject with an LGR6 
molecule or LGR6 modulator, such as a modulator identified by one of the exemplary 
screening assays described herein. 

This invention is further illustrated by the following examples which should not 

25 be construed as limiting. The contents of the figures, the sequence listing, and all 
references, patents and published patent applications cited throughout this application 
are incorporated herein by reference. 

EXAMPLES 

30 



Example 1: Identification And Characterization of LGR6 cDNAs 
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Inthis example, the identification and characterization of the cDNAs encoding 
mouse LGR6 (clone ftmzb048hl0) and human LGR6 (clone fahr) are described. 

Isolation of the mouse and human LGR6 cDNAs 
5 The invention is based, at least in part, on the discovery of a mouse nucleic acid 

molecule and human nucleic acid molecule encoding novel LGR6 polypeptides, also 
referred to herein by the clone designation ftmzb048hl0 and human fahr, respectively 
(and collectively referred to as LGR6). 

The mouse LGR6 gene (ftmzb048hl0) was isolated from a cDNA library which 

10 was prepared from mouse brain. Briefly, mRNA was isolated from mouse brain and a 
cDNA library was prepared therefrom using art known methods (described in, for 
example, Molecular Cloning A Laboratory Manual, 2nd Ed., ed. by Sambrook, Fritsch 
and Maniatis (Cold Spring Harbor Laboratory Press: 1989). Using a program which 
identifies the presence of signal peptides (Nielsen, H. et al (1997) Protein Engineering 

15 10:1 -6), one positive clone was isolated. 

The sequence of the entire clone was determined and found to contain a 
methionine-initiated open reading frame of about 967 amino acids. Signal peptide 
algorithms predict that mouse LGR6 (ftmzb048hl0) contains a signal peptide (about 
amino acids 1-23 of SEQ ID NO:2). The mature protein is approximately 943 amino 

20 acid residues in length (from about amino acid 24 to amino acid 967 of SEQ ID NO:2). 
The nucleotide sequence encoding the mouse LGR6 (ftmzb048hl0) precursor protein is 
shown in Figure 1 and is set forth as SEQ ID NO:l. The full length protein encoded by 
this nucleic acid comprises about 967 amino acids and has the amino acid sequence 
shown in Figure 1 and set forth as SEQ ID NO:2. The coding region (open reading 

25 frame) of SEQ ID NO:l is set forth in SEQ ID NO:3. 

Based on the mouse ftmzb048hl0 sequence, primers were designed and used to 
screen a human brain library (obtained from Clonetech). Positive human clones were 
identified. Subsequently, 5' RACE PCR was used to obtain a partial nucleotide 
sequence shown in Figure 4 and set forth as SEQ ID NO:4. The protein encoded by this 

30 nucleic acid comprises about 633 amino acids and has the amino acid sequence shown 
in Figure 5 and set forth as SEQ ID NO:5. The coding region (open reading frame) of 
SEQ ID NO:4 is set forth in SEQ ID NO:6. Further DNA sequence analysis of the 
human fahr clone was used to identify additional nucleotide sequences encoding LGR6, 
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as shown in Figure 8 and set forth as SEQ ID NO:7. The protein encoded by this 
nucleic acid comprises about 736 amino acids and has the amino acid sequence shown 
in Figure 8 and set forth as SEQ ID NO:8. The coding region (open reading frame) of 
SEQ ID NO:7 is set forth in SEQ ID NO:9. 
5 Further DNA sequence analysis of the human fahr clone was used to identify the 

full length nucleotide sequences encoding human LGR6, as shown in Figure 14 and set 
forth as SEQ ID NO: 10. The protein encoded by this nucleic acid comprises about 967 
amino acids and has the amino acid sequence shown in Figure 15 and set forth as SEQ 
ID NO: 1 1 . The coding region (open reading frame) of SEQ ID NO: 1 0 is set forth in 
10 SEQIDNO:12. 

Analysis of mouse LGR6 (ftmzb048hl0) Nucleic Acid and Protein 

A BLASTP 1.4.9MP-WashU search, using a score of 100 and a word length of 3 
(Gish, W. and D.J. States (1993) Nat. Genet 3:266-272; Altschul et al (1990) J. Mol 

15 Biol. 215:403) of the amino acid sequence of mouse LGR6 revealed that LGR6 shares 
some similarity with the following G-protein coupled receptors: Human HG38 
(Accession No. AF062006, Genbank Accession Number 424098) (McDonald, T. et al. 
(1998) Biochem. andBiophys. Res. Comm.. 247: 266-270), and rat LGR5 (Accession 
No. AF061444) and LGR4 (Accession No. AF061443) (Hsu, S.Y. et al (1998) Mol 

20 Endo. 12 (12): 1830-1845). 

The amino acid sequences of human HG38 and rat LGR5 are almost identical 
except for two amino acids in the N-terminal domain. The percentages of local identity 
between mouse LGR6 and HG38 revealed 65%, 61% and 59% identity over translated 
nucleotides 357-1718, 1824-1988 and 2388-2735, respectively, of SEQ ID NO:l. The 

25 percentages of local identity were estimated using the BLASTP program. At the amino 
acid level, LGR6 is about 65% identical to LGR5 at the ligand binding domain 
(approximately first 560 amino acids) and 49% identical at the 7 th transmembrane 
domain. Therefore, the LGR6 and LGR5 proteins are likely to share the same ligand. In 
addition, the LGR family (LGR6, LGR5 and LGR4) are structurally related to the 

30 glycoprotein receptor family including the receptors for LH, FSH and TSH. These 

molecules share a large N-terminal extracellular (ecto-) domain containing leucine-rich 
repeats which are believed to be important for mediating interactions with glycoprotein 
ligands. The ectodomain of LGR6 contains sixteen leucine-rich repeats compared to 



WO 01/85768 PCT/US01/15002 

- 107- 

nine repeats found in known glycoprotein hormone receptors. LGR6 shares an overall 
identity of 35% with the FSH, TSH and LH receptors. 

In addition, a Hidden Markov Model ("HMM") search (HMMER 2.1) of the 
amino acid sequence of mouse LGR6 (ftmzb048hl0) (SEQ ID NO:2) identified eight 
5 repeats ((Accession No. PF00560) with a score of 303.4 (E-value 2.3e-17)), each one 
containing two leucine-rich repeats of about 22 to 25 amino acids in length for a total of 
sixteen leucine-rich repeats located at about amino acids 67-90, 91-1 14, 115-138, 139- 
162, 163-186, 187-210, 211-234, 235-257, 258-281, 282-305, 306-329, 330-352, 353- 
375, 376-398, 399-422 and 423-446 of SEQ ID NO:2 (Figure 2). The ectodomains of 

10 LGR4 and LGR5 (almost identical to HG38) receptors contain 17 leucine-rich repeats 
together with N- and C-terminal flanking cysteine-rich sequences, compared with 9 
repeats found in known glycoprotein hormone receptors (Hsu, S.Y. et al (1998) supra). 

Mouse LGR6 is further predicted to contain the following domains: one long 
extracellular domain located at about amino acid residues 1-563 of SEQ ID NO:2; one 

15 RGD cell attachment site is located at about amino acid residues 760-762 of SEQ ID 
NO:2; seven transmembrane domains which extend from about amino acid 564 
(extracellular end) to about amino acid 590 (cytoplasmic end) of SEQ ID NO:2; from 
about amino acid 598 (cytoplasmic end) to about amino acid 620 (extracellular end) of 
SEQ ID NO:2; from about amino acid 645 (extracellular end) to about amino acid 669 

20 (cytoplasmic end) of SEQ ID NO:2; from about amino acid 684 (cytoplasmic end) to 
about amino acid 704 (extracellular); from about amino acid 73 1 (extracellular end) to 
about amino acid 751 (cytoplasmic end); from about amino acid 773 (cytoplasmic end) 
to about amino acid 798 (extracellular end); from about amino acid 812 (extracellular 
end) to about amino acid 834 (cytoplasmic end); three cytoplasmic loops found at about 

25 amino acids 591-597, 670-683, and 752-772 of SEQ ID NO:2; three extracellular loops 
found at about amino acid 621-644, 705-730 and 799-81 1 of SEQ ID NO:2; and a C- 
terminal cytoplasmic domain is found at about amino acid residues 835 to 968 of SEQ 
IDNO:2. 

The mouse LGR6 protein additionally contains seven predicted protein kinase C 
30 phosphorylation sites (PS00005) from amino acids 19-21, 115-117, 142-144, 163-165, 
420-422, 685-687 and 844-846 of SEQ ID NO:2; five casein kinase II phosphorylation 
• sites (PS00006) from amino acids acids 328-331, 707-710, 862-865, 874-877 and 910- 
913 of SEQ ID NO:2; one tyrosine kinase phosphorylation site (PS00007) from amino 



WO 01/85768 PCT/US01/15002 

- 108 - 

acid 469-475 of SEQ ID NO:2; twenty-one N-myristoylation sites (PS00008) from 
amino acids 45-50, 99-104, 107-1 12, 380-385, 398-403, 483-488, 493-498, 513-518, 
533-538, 563-568, 602-607, 612-617, 641-646, 652-657, 684-689, 698-703, 886-891, 
922-927, 942-947, 949-954 and 960-965 of SEQ ID NO:2; two N-glycosylation sites 
5 from about amino acids 77-80 and 208-2 1 1 of SEQ ID NO:2; and one 

glycosaminoglycan attachment site from about amino acids 638-641 of SEQ ID NO:2. 

A BLASTN 1 .4.9MP-WashU search, using a score of 100 and a word length of 
12 (Altschul et al (1990) J. Mol Biol 215:403) of the nucleotide sequence of mouse 
LGR6 (ftmzb048hl0) revealed local sequence identity in the range of 63-66% between 
1 0 the mouse LGR6 (ftmzb048hl 0) nucleotide sequence and the nucleotide sequences in 
HG38 and LGR5 over nucleotides 348-1708, 1848-1981, 2306-2379 and 2399-2734 of 
SEQ IDNO:L 

Analysis of human LGR6 (Fbhl 50881) Nucleic Acid and Protein 
15 A local alignment of the amino acid sequence of mouse LGR6 (ftmzb048hl 0) 

and human LGR6 (Fbhl 50881) revealed significant identity between the mouse and the 
human sequences. For example, a local alignment of mouse LGR6 protein with the 
human LGR6 protein using the the GAP program in the GCG software package, using a 
Blossum 62 matrix and a gap weight of 12 and a length weight of 4, showed a 89.855% 
20 identity between SEQ ID NO:2 (mouse LGR6) and SEQ ID NO: 1 1 (human LGR6) (see 
Figure 16). 

A Hidden Markov Model ("HMM") search (HMMER 2.1) of the amino acid 
sequence of human LGR6 (15088) (SEQ ID NO:l 1) identified amino acids residues 67 
to 90, 91 to 1 14, 1 15 to 138, 139 to 162, 163 to 186, 187 to 210, 21 1 to 234, 235 to 257, 

25 258 to 281, 282 to 305, 306 to 329, 330 to 352, 353 to 375, 376 to 398, 399 to 422 and 
423 to 446 of SEQ ID NO:l 1 as matching the HMM for leucine-rich repeats (Accession 
No. PF00560). (see Figures 15). 

The amino acid sequence of human LGR6 was analyzed using the program 
PSORT (http://www. psort.nibb.ac.jp) to predict the localization of the proteins within 

30 the cell. This program assesses the presence of different targeting and localization 

amino acid sequences within the query sequence. The results of the analyses show that 
human LGR6 (SEQ ID NO:l 1) may be localized to the endoplasmic reticulum, to the 
mitochondrian, to the Golgi, or to secretory vesicles. The results of the analyses further 
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show that human LGR6 (SEQ ID NO:l 1) also includes an amino-terminal hydrophobic 
amino acid sequence, consistent with a signal sequence, of about 25 amino acids (from 
amino acid 1 to about amino acid 25 of SEQ ID NO:l 1), which upon protease removal 
results in the production of the mature protein. The mature protein is approximately 943 
5 amino acid residues in length (from about amino acid 25 to amino acid 968 of SEQ ID 
NO:ll). 

The human LGR6 (15088) additiohnally contains one RGD cell attachment site 
which is located at about amino acid residues 760-762 of SEQ ID NO:l 1; six 
transmembrane domains which extend from about amino acid 566 (extracellular end) to 

1 0 about amino acid 590 (cytoplasmic end) of SEQ ID NO:l 1 ; from about amino acid 599 
(cytoplasmic end) to about amino acid 621 (extracellular end) of SEQ ID NO:l 1; from 
about amino acid 646 (extracellular end) to about amino acid 665 (cytoplasmic end) of 
SEQ ID NO:l 1 ; from about amino acid 688 (cytoplasmic end) to about amino acid 709 
(extracellular end) of SEQ ID NO:l 1; from about amino acid 728 (extracellular end) to 

1 5 about amino acid 752 (cytoplasmic end) of SEQ ID NO: 1 1 ; and from about amino acid 
777 (cytoplasmic end) to about amino acid 801 (extracellular end) of SEQ ID NO: 1 1 . 
(see Figure 15). 

The human LGR6 protein (clone 1 5088) additionally contains six predicted 
protein kinase C phosphorylation sites (PS00005) from amino acids 19-21, 115-117, 

20 142-144, 163-165, 507-509 and 685-687 of SEQ ID NO:l 1; four casein kinase II 

phosphorylation sites (PS00006) from amino acids acids 328-331, 707-710, 862-865 and 
874-877of SEQ ID NO: 1 1 ; two tyrosine kinase phosphorylation sites (PS00007) from 
amino acid 469-475 and 517-523 of SEQ ID NO:2; nineteen N-myristoylation sites 
(PS00008) from amino acids amino acids 45-50, 99-104, 107-1 12, 127-132, 380-385, 

25 483-488, 493-498, 563-568, 602-607, 612-617, 641-646, 652-657, 684-689, 698-703, 
725-730, 922-927942-947, 948-953 and 960-965 of SEQ ID NO: 1 1 ; two N- 
glycosylation sites from about amino acids 77-80 and 208-21 1 of SEQ ID NO: 1 1 ; and 
one glycosaminoglycan attachment site from about amino acids 951-954 of SEQ ID 
NO:l 1; three prokaryotic membra lipoprotein lipid attachment sitees from about amino 

30 acids 605-615, 663-673 and 894-904; one leucine zipper pattern from about amino acid 
57-78; and one C-terminal targeting signal from about amino acid 965-968. 

To identify the presence of an aldehyde dehydrogenase oxidoreductase domain 
in a LGR6 protein, and to make the determination that a protein of interest has a 
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particular profile, the amino acid sequence of the protein is searched against a database 
of known protein domains (e.g., the ProDom database) using the default parameters 
(available at http://www.toulouse.inra.fr/prodom.html). A search was performed against 
the ProDom database resulting in the identification of an aldehyde dehydrogenase 
5 oxidoreductase domain in the amino acid sequence of human LGR6 (SEQ ID N0:1 1). 
The results of the search show that the human LGR6 protein (SEQ ID N0:1 1) has one 
Glycoprotein EGF-like Domain from about amino acids 70-433 of SEQ ID NO: 1 1 ; a 
signal glycoprotein precursor domain at about amino acid residues 535 to 571 and also 
shares homologous domains with LGR4 and LGR5 at about amino acids 105-336 and 

10 591-666. 

Analysis of human LGR6 (fahr) Nucleic Acid and Protein 

A local alignment of the amino acid sequence of mouse LGR6 (ftmzb048hl0) 
and human LGR6 (fahr) revealed significant identity between the mouse and the human 

15 sequences. For example, an 87.9% identity in an amino acid overlap corresponding to 
amino acids 370 to 967 of ftmzb048hl0 (SEQ ID NO:2) and 30 to 636 of human fahr 
(SEQ ID NO:5) was revealed (FASTA Search, version 2.0u53 July 1996 with a Smith- 
Waterman score of 2657; Pearson, W.R and Lipman, D J. (1988J Proc. Natl Acad Sci, 
USA 85: 2444-2448). In addition, an alignment of the nucleotide sequence, using a 

20 Smith- Waterman score of 9593, revealed a 76.9% identity in a 2493 overlap 

corresponding to nucleotides 1 170 to 2485 of mouse ftmzb048hl0 (SEQ ID NO:l) and 
nucleotides 9 to 2486 of human fahr (SEQ ID NO:4). 

A local alignment of mouse LGR6 protein with the human LGR6 protein using 
the the GAP program in the GCG software package, using a Blossum 62 matrix and a 

25 gap weight of 12 and a length weight of 4, showed a 89.281% identity between the two 
sequences in an amino acid overlap corresponding to residues 201 to 968 of 
- ftmzb048hl0 (SEQ ID NO:2) and residuesl to 737 of human fahr (SEQ ID NO:8) (see 
Figure 13). Futhermore, a local alignment of the mouse LGR6 nucleic acid sequence 
with the human LGR6 nucleic acid sequence using the the GAP program in the GCG 

30 software package, using a nwsgapdna matrix, a gap weight of 12 and a length weight of 
4 showed a 84.21 1% identity between the two sequences, in an overlap corresponding to 
nucleotides 901 to 3637 of mouse ftmzb048hl0 (SEQ ID NO:l) and nucleotides 1 to 
271 1 of human fahr (SEQ ID NO:7) (see Figure 12). 
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A Hidden Markov Model ("HMM") search (HMMER 2.1) of the amino acid 
sequence of human LGR6 (fehr) (SEQ ID NO:5) identified amino acids 64-87 and 88- 
1 1 1 of SEQ ID NO:5 as matching the HMM for leucine-rich repeats (Accession No. 
PF00560) with a score of 51.0 (E-value 2.6e-l 1) (Figure 6). The domain identified 
5 corresponds to two consecutive leucine-rich repeats. Leucine rich repeats were also 
identified at amino acid residues 4-26, 27-50, 51-74, 75-97, 98-121, 122-143, 144-167, 
168-191, and 192-215 of SEQ BDNO:8 (see Figures 10 and 11). 

Human LGR6 (fahr) protein is further predicted to contain the following sites: 
one RGD cell attachment site is located at about amino acid residues 425-467 of SEQ ID 

10 NO:5, and amino acid residues 529-53 1 of SEQ ID NO:8; seven transmembrane 
domains which extend from about amino acid 230 (extracellular end) to about amino 
acid 256 (cytoplasmic end) of SEQ ID NO:5; from about amino acid 264 (cytoplasmic 
end) to about amino acid 286 (extracellular end) of SEQ ID NO:5; from about amino 
acid 311 (extracellular end) to about amino acid 336 (cytoplasmic end) of SEQ ID 

15 NO:5; from about amino acid 350 (cytoplasmic end) to about amino acid 370 

(extracellular end) of SEQ ID NO:5; from about amino acid 397 (extracellular end) to 
about amino acid 417 (cytoplasmic end) of SEQ ID NO:5; from about amino acid 440 
(cytoplasmic end) to about amino acid 464 (extracellular end) of SEQ ID NO:5; from 
about amino acid 478 (extracellular end) to about amino acid 500 (cytoplasmic end), and 

20 from about amino acid 333 (extracellular end) to about amino acid 359 (cytoplasmic 
end) of SEQ ID NO:8; from about amino acid 367 (cytoplasmic end) to about amino 
acid 389 (extracellular end) of SEQ ID NO:8; from about amino acid 414 (extracellular 
end) to about amino acid 439 (cytoplasmic end) of SEQ ID NO: 8; from about amino 
acid 453 (cytoplasmic end) to about amino acid 473 (extracellular end) of SEQ ID 

25 NO:8; from about amino acid 500 (extracellular end) to about amino acid 520 

(cytoplasmic end) of SEQ ID NO:8; from about amino acid 543 (cytoplasmic end) to 
about amino acid 567 (extracellular end) of SEQ ID NO:8; and from about amino acid 
581 (extracellular end) to about amino acid 603 (cytoplasmic end) of SEQ ID NO:8; 
three cytoplasmic loops found at about amino acids 257-263, 337-349 and 418-439 of 

30 SEQ ED NO:5, and amino acids 360-366, 440-452 and 521-542 of SEQ ID NO:8; three 
extracellular loops found at about amino acid 287-310, 371-396 and 465-477 of SEQ ID 
NO:5, and amino acid residues 390-413, 474-499 and 568-580 of SEQ ID NO:8; and a 
C-terminal cytoplasmic domain is found at about amino acid residues 501 to 633 of SEQ 
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ID NO:5, and amino acid residues 604-736 of SEQ ID NO:8. The human LGR6 protein 
additionally contains two 7 tm_l domains at about amino acid residues 404-431 and 
553-596 of SEQ ID NO:8 (see Figure 10). 

The human LGR6 (fahr) protein additionally contains predicted protein kinase C 
5 phosphorylation sites (PS00005) from amino acids 52-54, 172-174 and 350-352 of SEQ 
ID NO:5, and amino acids 276-278 and 454-456 of SEQ ID NO:8; casein kinase II 
phosphorylation sites (PS00006) from amino acids acids 372-375, 527-530 and 539-542 
of SEQ IDNO:5, and amino acids acids 97-100, 476-479, 631-634 and 643-646 of SEQ 
ID NO:8; tyrosine kinase phosphorylation site (PS00007) from amino acid 134-140 and 

10 182-188 of SEQ ID NO:5, and amino acids 238-244 and 286-292 of SEQ ID NO:8; N- 
myristoylation sites (PS00008) from amino acids 17-22, 148-153, 158-163, 228-233, 
267-272, 277-282, 306-311, 317-322, 349-354, 363-368, 390-395, 587-592, 607-612, 
613-618 and 625-630 of SEQ IDNO:5, and amino acids acids 149-154, 252-257, 262- 
267, 332-337, 371-376, 381-386, 410-415, 421-426, 453-458, 467-472, 494-499, 691- 

15 696, 71 1-716, 717-722 and 729-734 of SEQ ID NO:8; N-glycosylation sites from about 
amino acids 1-4 and 48-51 of SEQ ID NO:5; and glycosaminoglycan attachment site 
from about amino acids 616-619 of SEQ ID NO:5, and amino acids 720-723 of SEQ ID 
NO:8. 

A BLASTN 1.4.9MP-WashU search, using a score of 100 and a word length of 
20 12 (Altschul et al (1990) J. Mol Biol 21 5:403) of the nucleotide sequence of mouse 
ftmzb048hl0 revealed a local sequence identity of 99% between human fahr nucleotides 
1851 to 2327 of SEQ IDNO:4 and the nucleotide sequences 1 to 477 of human cDNA 
clone ZD96C01 (Accession No. AF088074). 

A BLASTN 2.0MP-WashU search, using a score of 100 and a word length of 12 
25 (Altschul et al (1 990) J. Mol Biol 2 1 5:403) of the nucleotide sequence of human fahr 
revealed a local sequence identity of 99% between human fahr nucleotides 2225 to 2701 
of SEQ ID NO:7 and the nucleotide sequences 1 to 477 of human cDNA clone 
ZD96C01 (Accession No. AF088074), and a local sequence identity of 81% between 
human fahr nucleotides 1665 to 1730 of SEQ ID NO:7 and nucleotide sequences 175 to 
30 240 of human cDNA clone ZD96C01 (Accession No. AF088074). 

A BLASTP 2.0MP-WashU search, using a score of 100 and a word length of 3 
(Altschul et al (1990) J, Mol Biol 215:403) of the amino acid sequence of human fahr 
revealed local sequence identity between human fahr (SEQ ID NO: 8) and the human 
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orphan G-protein coupled receptor HG38 (Accession No. AAC28019), the human G 
protein coupled receptor LGR5 (AccesssionNo, AAC7791 1), the mouse orphan G 
protein coupled receptor FEX (Accesssion No. AAD 14684, and JG0193), 

5 Example 2: Tissue Distribution of LGR6 mRNA by Large-Scale Tissue-Specific 
Library Sequencing and by Northern Blot Hybridization 

This Example describes the tissue distribution of LGR6 mRNA. 
Northern blot hybridizations with various RNA samples can be performed under 
standard conditions and washed under stringent conditions, i.e., 0.2xSSC at 65°C. A 

10 DNA probe corresponding to all or a portion of the coding region of LGR6 (SEQ ID 
NO:3 or SEQ ID NO:6) can be used. The DNA is radioactively labeled with 3 2 P-dCTP 
using the Prime-It Kit (Stratagene, La Jolla, CA) according to the instructions of the 
supplier. Filters containing mouse mRNA (Clontech, Palo Alto, CA) can be probed in 
ExpressHyb hybridization solution (Clontech) and washed at high stringency according 

1 5 to manufacturer's recommendations. 

As an example, the nucleotide sequence for the partial mouse clone 
aambb001dll2 was labeled as described above and used to probe filters containing adult 
and embryonic mouse mRNA. As shown in Figure 7, clone aambbOOldl 12 corresponds 
to a portion of the full length ftmzb048hl0 sequence. Expression of this gene was 

20 detected in mouse brown fat (with undetectable levels of expression in white fat), with 
lower levels of expression detected in the mouse heart and the brain. In the developing 
mouse (embryonic day 17), the ftmzb048hl0 gene is expressed in brown fat, smooth 
muscle of the heart vessel, smooth muscle of the bronchiole, epithelial cell layer of the 
trachea, mesenchymal cell layer of the tooth, intravertebral disk and developing flat 

25 bone of the skull. In the adult mouse brain, this gene is expressed in the hypothalamus 
(arcuate nucleus and periventricular nucleus), eppendymal cell layer of the third 
ventricle close to the arcuate nucleus region, the supraoptic nucleus, the cortex, 
hippocampus, paraventral, paracentral, medio-dorsal and intradorsal thalamic nuclei. 
In humans, the distribution of the LGR6 gene was found in decreasing order of 

30 abundance in the human heart, brain and skeletal muscle. 
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Example 3: Recombinant Expression of LGR6 in Bacterial Cells 

In this example, LGR6 is expressed as a recombinant glutathione-S-transferase 
(GST) fusion polypeptide in E. coli and the fusion polypeptide is isolated and 
characterized. Specifically, LGR6 is fused to GST and this fusion polypeptide is 
5 expressed in E. coli, e.g. , strain PEB 1 99. Expression of the GST-LGR6 fusion protein 
in PEB 199 is induced with IPTG. The recombinant fusion polypeptide is purified from 
crude bacterial lysates of the induced PEB 199 strain by affinity chromatography on 
glutathione beads. Using polyacrylamide gel electrophoretic analysis of the polypeptide 
purified from the bacterial lysates, the molecular weight of the resultant fusion 
10 polypeptide is determined. 

Example 4; Expression of Recombinant LGR6 Protein in Mammalian Cells 

The C-terminus of mouse LGR6 was tagged at its C-terminal tail with green 
flourescent protein (GFP) to monitor its localization in living cells. Briefly, PCR 

15 primers were used to amplify the C-terminus of mouse LGR6 to remove the stop codon. 
Subsequently, a full length mouse LGR6 construct was made and cloned into plasmid 
pEGFP-N2. This construct was transfected into 293 cells. 293 cells stably expressing 
LGR6 tagged with GFP were seeded onto 5 cm dishes and visualized. The results 
demonstrated that LGR6-GFP is uniformly distributed in the plasma membrane, in 

20 contrast to the cytoplasmic localization of the GFP control protein. These results 
corroborate that LGR6 is a GPCR which are cell surface signalling molecules. 

To express the LGR6 gene in COS cells, the pcDNA/Amp vector by Invitrogen 
Corporation (San Diego, CA) is used. This vector contains an S V40 origin of 
replication, an ampicillin resistance gene, an E. coli replication origin, a CMV promoter 

25 followed by a polylinker region, and an SV40 intron and polyadenylation site. A DNA 
fragment encoding the entire LGR6 protein and an HA tag (Wilson et al (1984) Cell 
37:767) or a FLAG tag fused in-frame to its 3' end of the fragment is cloned into the 
polylinker region of the vector, thereby placing the expression of the recombinant 
protein under the control of the CMV promoter. 

30 To construct the plasmid, the LGR6 DNA sequence is amplified by PCR using 

two primers. The 5 1 primer contains the restriction site of interest followed by 
approximately twenty nucleotides of the LGR6 coding sequence starting from the 
initiation codon; the 3' end sequence contains complementary sequences to the other 
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restriction site of interest, a translation stop codon, the HA tag or FLAG tag and the last 
20 nucleotides of the LGR6 coding sequence. The PCR amplified fragment and the 
pCDNA/Amp vector are digested with the appropriate restriction enzymes and the 
vector is dephosphorylated using the CIAP enzyme (New England Biolabs, Beverly, 
5 MA). Preferably the two restriction sites chosen are different so that the LGR6 gene is 
inserted in the correct orientation. The ligation mixture is transformed into £. coli cells 
(strains HB101 , DH5a, SURE, available from Stratagjne Cloning Systems, La Jolla, 
CA, can be used), the transformed culture is plated on ampicillin media plates, and 
resistant colonies are selected. Plasmid DNA is isolated from transformants and 

10 examined by restriction analysis for the presence of the correct fragment. 

COS cells are subsequently transfected with the LGR6-pcDNA/Amp plasmid 
DNA using the calcium phosphate or calcium chloride co-precipitation methods, DEAE- 
dextran-mediated transfection, lipofection, or electroporation. Other suitable methods 
for transfecting host cells can be found in Sambrook, J., Fritsh, E. F., and Maniatis, T. 

15 Molecular Cloning: A Laboratory Manual 2nd, ed, Cold Spring Harbor Laboratory, 
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 1 989. The expression 
of the LGR6 polypeptide is detected by radiolabelling (35s-methionine or 3 ^-cysteine 
available from NEN, Boston, MA, can be used) and immunoprecipitation (Harlow, E. 
and Lane, D. Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory Press, 

20 Cold Spring Harbor, NY, 1988) using an HA specific monoclonal antibody. Briefly, the 
cells are labeled for 8 hours with 35 S-methionine (or 35 S-cysteine). The culture media 
4 are then collected and the cells are lysed using detergents (RIPA buffer, 1 50 mM NaCl, 
1% NP-40, 0.1% SDS, 0.5% DOC, 50 mM Tris, pH 7.5). Both the cell lysate and the 
culture media are precipitated with an HA specific monoclonal antibody. Precipitated 

25 polypeptides are then analyzed by SDS-PAGE. 

Alternatively, DNA containing the LGR6 coding sequence is cloned directly into 
the polylinker of the pCDNA/Amp vector using the appropriate restriction sites. The 
resulting plasmid is transfected into COS cells in the manner described above, and the 
expression of the LGR6 polypeptide is detected by radiolabelling and 

30 immunoprecipitation using an LGR6 specific monoclonal antibody. 
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Equivalents 

Those skilled in the art will recognize, or be able to ascertain using no more than 
5 routine experimentation, many equivalents to the specific embodiments of the invention 
described herein. Such equivalents are intended to be encompassed by the following 
claims. 
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What is claimed is: 

1 . An isolated nucleic acid molecule selected from the group consisting of: 
5 a) a nucleic acid molecule comprising a nucleotide sequence which is at 

least about 60% identical to the nucleotide sequence of SEQ ID NO:7, SEQ ID NO:9, 
SEQ ID NO: 10, SEQIDNO:12, or a complement thereof; 

b) a nucleic acid molecule comprising a fragment of at least 2175 
nucleotides of the nucleotide sequence of SEQ ID NO:7, SEQ ID NO:9, or a 

1 0 complement thereof; 

c) a nucleic acid molecule comprising a fragment of at least 2175 
nucleotides of the nucleotide sequence of SEQ ID NO: 10, SEQ ID NO: 12, or a 
complement thereof; 

d) a nucleic acid molecule which encodes a polypeptide comprising an 

15 amino acid sequence at least about 60% homologous to the amino acid sequence of SEQ 
IDNO:8, SEQ ED NO: 11, 

e) a nucleic acid molecule which encodes a fragment of a polypeptide 
comprising the amino acid sequence of SEQ ID NO:8, or SEQ ID NO:l 1, wherein the 
fragment comprises at least 15 contiguous amino acids of SEQ ID NO:8, SEQ ID 

20 NO:ll;and 

f) a nucleic acid molecule which encodes a naturally occurring allelic 
variant of a polypeptide comprising the amino acid sequence of SEQ ID NO:8, SEQ ID 
NO:l 1, wherein the nucleic acid molecule hybridizes to a nucleic acid molecule 
comprising SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:12, or a 

25 complement thereof under stringent conditions. 

2. The isolated nucleic acid molecule of claim 1, which is selected from the 
group consisting of: 

a) a nucleic acid comprising the nucleotide sequence of SEQ ID NO:7, SEQ 
30 ID NO:9, SEQ ID NO:10, SEQ ID NO:12, or a complement thereof; and 

b) a nucleic acid molecule which encodes a polypeptide comprising the 
amino acid sequence of SEQ ID NO:8, SEQ ID NO:l 1. 
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3. The nucleic acid molecule of claim 1 further comprising vector nucleic 
acid sequences. 

4. The nucleic acid molecule of claim 1 further comprising nucleic acid 
5 sequences encoding a heterologous polypeptide. 

5. A host cell which contains the nucleic acid molecule of claim 1 . 



10 



6. The host cell of claim 5 which is a mammalian host cell. 

7. A non-human mammalian host cell containing the nucleic acid molecule 
of claim 1. 



8. An isolated polypeptide selected from the group consisting of: 
15 a) a fragment of a polypeptide comprising the amino acid sequence of SEQ 

ID NO:8, SEQ ID NO:l 1, wherein the fragment comprises at least 15 contiguous amino 
acids of SEQ ID NO:8, SEQ ID NO:l 1; 

b) a naturally occurring allelic variant of a polypeptide comprising the 
amino acid sequence of SEQ ID NO:8, SEQ ID NO:l 1, wherein the polypeptide is 

20 encoded by a nucleic acid molecule which hybridizes to a nucleic acid molecule 
comprising SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO: 1 0, SEQ ID NO: 12 or a 
complement thereof under stringent conditions; and 

c) a polypeptide which is encoded by a nucleic acid molecule comprising a 
nucleotide sequence which is at least 60% identical to a nucleic acid comprising the 

25 nucleotide sequence of SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO: 10, SEQ ID NO: 12, 
or a complement thereof. 



9. The isolated polypeptide of claim 8 comprising the amino acid sequence 
of SEQ ID NO:8, SEQ ID NO: 1 1 . 

30 

10. The polypeptide of claim 8 further comprising heterologous amino acid 
sequences. 
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11. An antibody which selectively binds to a polypeptide of claim 8. 

12. A method for producing a polypeptide selected from the group consisting 

of: 

5 a) a polypeptide comprising the amino acid sequence of SEQ ID NO: 8, 

SEQIDNO:ll,; 

b) a fragment of a polypeptide comprising the amino acid sequence of SEQ 
ID NO:8, SEQ ID NO:l 1, wherein the fragment comprises at least 15 contiguous amino 
acids of SEQ ID NO:8, SEQ ID NO:l 1; and 

10 c) a naturally occurring allelic variant of a polypeptide comprising the 

amino acid sequence of SEQ ID NO: 8, SEQ ID NO:l 1, wherein the polypeptide is 
encoded by a nucleic acid molecule which hybridizes to a nucleic acid molecule 
comprising SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO: 10, SEQ ID NO: 12, or a 
complement thereof under stringent conditions; 

1 5 comprising culturing the host cell of claim 5 under conditions in which the 

nucleic acid molecule is expressed. 

13. A method for detecting the presence of a polypeptide of claim 8 in a 
sample, comprising: 

20 a) contacting the sample with a compound which selectively binds to a 

polypeptide of claim 8; and 

b) determining whether the compound binds to the polypeptide in the 

sample. 

25 14. The method of claim 13, wherein the compound which binds to the 

polypeptide is an antibody. 

15. A kit comprising a compound which selectively binds to a polypeptide of 
claim 8 and instructions for use. 

30 

16. A method for detecting the presence of a nucleic acid molecule of claim 1 
in a sample, comprising the steps of: 
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a) contacting the sample with a nucleic acid probe or primer which 
selectively hybridizes to the nucleic acid molecule; and 

b) determining whether the nucleic acid probe or primer binds to a nucleic 
acid molecule in the sample. 

5 

17. The method of claim 16, wherein the sample comprises mRNA 
molecules and is contacted with a nucleic acid probe. 



18. A kit comprising a compound which selectively hybridizes to a nucleic 
10 acid molecule of claim 1 and instructions for use. 



19. A method for identifying a compound which binds to a polypeptide of 
claim 8 comprising: 

a) contacting a polypeptide, or a cell expressing a polypeptide of claim 8 
1 5 with a test compound; and 

b) determining whether the polypeptide binds to the test compound. 



20. The method of claim 19, wherein the binding of the test compound to the 
polypeptide is detected by a method selected from the group consisting of: 
20 a) detection of binding by direct detecting of test compound/polypeptide 

binding; 

b) detection of binding using a competition binding assay; 

c) detection of binding using an assay for LGR6-activity . 



25 21 . A method for modulating the activity of a polypeptide of claim 8 

comprising contacting a polypeptide or a cell expressing a polypeptide of claim 8 with a 
compound which binds to the polypeptide in a sufficient concentration to modulate the 
activity of the polypeptide. 



30 



22. A method for identifying a compound which modulates the activity of a 
polypeptide of claim 8, comprising: 

a) contacting a polypeptide of claim 8 with a test compound; and 
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b) determining the effect of the test compound on the activity of the 
polypeptide to thereby identify a compound which modulates the activity of the 
polypeptide. 
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Input file ftrozb4 8hl0; Output File f tmzb4 8hl0 .pat 
Sequence length 3637 

GTCGACCCAOGCGTCOGCACTCAACAATGCCTGCCCCTCT^ 79 

CAAGCCAAGTCGAGCCXXKX3CGTTGCCCAC 158 

M H S P 4 

CGCACAGCTCCOTGCGCTCGCCCXntnxSJVGCGCC^ ATG CAC AGC CCG 233 

PGLLALWLCAVLCA3ARGGS 24 

CCT GGG CTC CTG GOG CTG TGG CTT TGC GCT GTG CTG TGC GCA TOG GOG OGC GGG GGC AGO 293 

DPQPGPGRPA CPAPCHCQED 44 

GAC CCC CAG CCT GGC CCG GGG CGT CCC GCC TGC CCG GCT CCC TGC CAC TGC CAG GAG GAC 353 

GIMLSADCSELGLSVVPADL 64 

GGC ATC ATG CTG TCC GCT GAC TGC TCC GAG CTC GGG CTC TCA GTG GTG CCT GOG GAC CTG 413 

DPLTAYLDLSMNNLTE LQPG 64 

GAC CCC CTG AOG GCT TAC CTA GAC CTC AGT ATG AAC AAC CTC ACG GAG CTT CAG CCG GGT 473 

LFHHLRFLBE LRLSGNHLSH 104 

CTC TTC CAC CAC CTG CGC TTC CTG GAG GAG CTG CGG CTC TCA GGG AAC CAC CTC TCA CAC 533 

I PGQAFSGLHSLKILMLQSN 124 

ATC CCG GGA CAG GCA TTC TCC GGC CTC CAC AGC CTC AAA ATT CTA ATG CTG CAG AGC AAC 593 

QLRGZ PAEALWEliPSLQSLR 144 

CAG CTC CGT GGG ATC CCA GCA GAG GCA CTA TGG GAG CTG CCC AGC CTG CAG TOG CTG CGC 653 

LDANL ISLVP ERSFEGLSSL 164 

CTA GAT GCT AAT CTC ATC TCC CTG GTC CCT GAG AGA AGC TTT GAG GGG CTC TCC TCC CTC 713 

RH LWLDDNALTE IPVRALNN 184 

CGC CAC CTC TGG CTG GAT GAC AAT GCA CTC ACT GAG ATC CCC GTC AGA GCT CTC AAC AAC . 773 

LPALQAMTLALNHIRHIPDY 204 

CTT CCT GCC CTA CAG GCC ATG ACC TTG GCT CTC AAC CAT ATC OGC CAC ATC CCT GAC TAT 833 

A F QNLTSLVV LHLHNNR I QH 224 

GCC TTC CAG AAC CTC ACC AGT CTT GTG GTG CTG CAT CTA CAT AAC AAC CGC ATC CAG CAT 893 

VGTHS FEGLHNX.ETLDLNYN 244 

GTG GGG ACC CAC AGC TTC GAG GGG CTG CAC AAT CTG GAG ACA CTA, GAC CTG AAC TAT AAT 953 

ELQEFPLAlRTLGRliQELGF 264 

GAG CTG CAG GAG TTC CCC TTG GCT ATC CGG ACC CTG GGC AGG CTG CAG GAA TTG GGT TTC 1013 

H N N N I KAI PE KAFMGNP^LLQ 284 

CAT AAC AAC AAC ATC AAG GCT ATC CCA GAG AAA GCC TTC ATG GGC AAC CCT CTC CTG CAG 1073 

TI HFYDNPIQFVGRSAFQYI> 304 

ACA ATA CAT TTT TAT GAC AAC CCA ATC CAG TTT GTG GGA AGG TCA GCA TTC CAG TAC CTG 1133 

SKLHTLSLNGATDIQEFPDL 324 

TOT AAA CTG CAT ACG CTA TCT TTG AAT GGT GCC ACT GAT ATC CAA GAG TTC CCA GAC CTC 1193 

KG TTSLBI LT LTRAG IRLLP 344 

AAA GGC ACC ACT AGC CTG GAG ATC CTG ACC CTG ACC CGT GCG GGC ATC AGA CTG CTC CCA 1253 

Figure 1 
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PGVCOQLPR LRX LELSHN^I 354 

CCG GGA GTG TCC CAA CAG CTG OCT AGO CTC CGA ATC CTG GAG CTG TCT CAT AAT CAC ATC 1313 

EBLPSLHRCQKLEBIOLRHN 334 

GAG GAG TTA CCC AGC CTG CAC AGA TGT CAG AAG CTG GAG GAA ATT GGC CTC CGA CAT AAC 1373 

RIKEXGADTFSQLGSLQALD 404 

AGG ATC AAG GAA ATT GOT GCA GAT ACC TTC AGC CAG CTG GGC TCC TTQ CAA GCT TTA GAC 1433 

LSMNAIRAIHPBAFSTLRSL 424 

CTG AGT TGG AAT GCC ATC COT GCC ATC CAC CCT GAG GCT TTC TCA ACC CTT CGA TCC TTG 1493 

VKl»DI#TDNQ LTTLPLAG LGG 444 

GTT AAG CTG GAC CTG ACT, GAC AAC GAG CTG ACC ACA CTG CCC CTG GCT GGG CTG GGA GGC 1553 

LMKLKLKGNLALSQAFS K D S 464 

CTG ATQ CAC CTG AAG CTC AAA GGG AAC TTG GCC CTG TCT CAG GCC TTC TCC AAG GAC AGT 1613 

FPKLRILEVPYAYQCCAYGI 484 

TTC CCA AAA CTG AGG ATC CTG GAG GTG CCC TAC GCC TAG CAG TGC TGT GCC TAC GGC ATC 1673 

CASFFXTSGQ'WQAEDFHPEE 504 

TGT GCC AGC TTC* TTC AAG ACC TCT GGG CAG TGG CAG GCC GAG GAQ TTT CAT CCA GAA GAA 1733 

B* E A P K R P L G L L A G Q A -E N K Y D S24 

GAG GAG GCA CCA AAG AGG CCC CTG GGT CTC CTT GCT GGA CAA GCT GAG AAC CAC TAT GAC 1793 

L DLDEL'QMGTED SKPNPSVQ 544 

CTA GAC CTG GAT GAG CTC CAG ATG GGG ACA GAG GAC TCA AAG CCA AAC CCC AGT GTC CAG 1853 

CSPVPGPPKPCEKLFBSHGI 564 

TGC AGC CCT GTT CCA GGC CCC TTC AAG CCC TGC GAG CAC CTC TTT GAG AGC TGG GGC ATC 1913 

R L A V W A I V L L S V I* C N G L V LL 584 

CGC CTT GCT GTG TGG GCC ATC GTG CTG CTC TCC GTA CTC TGT AAC GGG CTG GTG CTG CTG 1973 

TVFASGPSP LSPVKLVVGAM. 604 

ACA GTC TTT GCC AGC GGA CCC AGC CCG CTG TCC CCC GTC AAG CTT GTG GTG GGT GOG ATG 2033 

AGANALTG I S CGL LASVDAL 624 

GCA GGC GCC AAC GCC CTG ACQ GGC ATT TCC TGT GGT CTC CTG GCC TCT GTG GAC GCC TTG 2093 

TYGQFAEYG'arWESGLGCQA 644 

ACC TAT GGT CAG TTC GOT GAG TAT GGA GCC CGC TGG GAG AGC GGT CTG GGC TGC CAG GCT 2153 

TGFLAVLGSEASVLLLTLAA 664 

ACG GGC TTC CTG GCT GTC CTG GGT TCA GAG GOG TCG GTG CTG CTG CTC ACA CTG GCG GCC 2213 

VQCSISVTCVRAYGKAPSPG 684 

GTG CAG TGC AGC ATC TCT GTG ACC TGC GTC CGA GCC TAC GGG AAG GCG COG TOG CCT GGC 2273 

SVRAGALGCLALAGLAAALP 704 

AGC GTC CGC GCA GGC GCA CTG GGA TGC CTG GCG CTG GCC GGG CTG GCC GCA GCA CTG CCG 2333 

LASVGEYGAS PLCLPYAPPE 724 

CTG GCC TCG GTG GGA GAG TAT GGC GCC TCC CCA CTC TGC CTG CCC TAC GCC CCA CCC GAG 2393 

GRPAALGFAVALVMMNSLCF 744 

GGC CGG CCG GCC GCC CTG GGC TTC GCT GTA GCC CTG GTG ATG ATG AAC TCG CTC TGC TTC 2453 

Figure 1 (Cont'd) 
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LVVAGAY I KLYCDLPRGDNFE 764 
CTG GTG GTG GCC GGC GCC TAC ATC AAG CTC TAC TGT GAC CTQ CCA GQO GGT GAC TTT GAG 2513 

AVKDCAMVRHVAWLIFADGL 784 
GCC GTG TGG GAC TGC GCC ATG GTG CGC CAC GTG GCC TGG CTC ATC TTT GOV GAT GGC CTC 2573 

k^CPVAFLS FASM1#GLFPVT 604 
CTC TAC TGC CCC GTG GCC TTC CTC AGC TTT GCC TCC ATG CTG GGC CTC TTC CCT CTC ACC 2633 

PEAVKSVLLVVLPLPACLNP 824 
CCC GAG GCT GTC AAG TCA GTC CTT CTG GTG GTG CTG CCT CTG CCT GCC TGC CTC AAC CCA 2693 

Ij'k^LLFNPH PRDDLRRLWPS 644 
CTG CTC TAC CTG CTC TTC AAC CCT CAC TTC CGG GAT GAC CTT CGG CGG CTC TGG CCA AGC 2753 

PRSPCP LAYAAAGELEKSSC 864 
CCT CGG TCC CCA GGG CCC CTA GCC TAC GCT CCA GCC GGT GAG CTG GAG AAG AGC TCC TGC 2813 

DSTQALVAFSDVDLILEASE 884 
GAC TCC ACC CAA GCG CTG GTG GCT TTC TCA GAT GTG GAT CTT ATT CTG GAA GCT TCT GAG 2873 

AGQPPGX*ETYG FPSVTL ISR 904 
GCT GGG CAG CCT CCT GGG CTA GAG ACC TAT GGC TTC CCT TCA GTG ACC CTC ATC TCC CGA 2933 

HQ PGATRLEGNHFIE-SDGTK 924 
CAT CAG CCG GGG GCC ACC AGG CTG GAG GGA AAC CAT TTT ATA GAG TCT GAT GGA ACC AAG 2993 

FGNPQPPMKGELLLKABGAT 944 
TTT GGG AAC CCA CAA CCT CCC ATG AAG GGA GAA CTG CTG CTG AAG GCA GAG GGA GCC ACT 3053 

LAGCGSSVGGALWPSGSLFA 964 
TTG GCA GGC TGT GGC TCT TCC GTG GGT GGA GCC CTC TGG CCC TCT GGC TCT CTC TTT GCC 3113 

SKI** set 
TCT CAC TTG TAA 3125 

ATOTCCXrrCTCTGTTTGTCCrCITC 3204 

TGGCCAACACCTCTQACIXXATTGTTCrC^ 3283 

CCTTCAGCTTCACTTTCACCCIGGGCCTTCTCTGTC 3362 

GAAAGGAGAAAAGCAAAAGACAGTGAAGGTTATTGGGCCCIGACAGAG 3441 

GTCTCACAGAGCATGACACTGGAAGACAACTACCAAAGACA^ 3520 

TOTTCTGCGTTCCATTAATCTTGyVCCTATGCTC 3599 

AAAAAAAAAAAAAAAAAAAAAAAAAAAAGGGCGGCCGC 3637 
?? 
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LRR: domain 1 of 8. from 67 to 1 14: score 46.0, E = 8.1e-10 

*->nLeeLdLsnNkLtslppgalsnUpnLeeLdLsnNnLtslppgtfqnUc<-* 
♦LdLs N+Lt+I pg++++L+ LeeL Ls+N+L++*p -M-f+*L+ 

ftmzb048h1 

67 LTAYLDLSMNNLTELQPGLFHHLRFLEELRLSGNHLSHIPGQAFS6LH 1 14 



LRR: domain 2 of 8, from 115 to 162: score 42.2, E = 1.2e-08 

*->nLeeLdLsnNkLtslppgalsnLpnLeeLdLsnNnLtslppglfqnLK<- # 
♦L+ L L+ N+L+++p++al+ Lp+L++L L+ N +p+++f++L+ 

ftmzb048h1 

115 SLKILMLQSNQLRGIPAEALWELPSLQSLRLDANUSLVPERSFEGLS 162 



LRR: domain 3 of 8, from 163 to 210: score 49.5, E = 7.7e-11 

# ->nLeeLdLsnNkLtslppgalsnLpnLeeLdLsnNnLts!ppglfqnLk<-* 
+L++L+L++N Lt++p al+nLp L+ L N^++p+++ftjnL+ 

ftmzb048h1 

163 SLRHLVVLDDNALTEIPVRALNNIPALQAMTLALNHIRHIPDYAFQNLT 210 



LRR: domain 4 of 8, from 211 to 257: score 39.5, E = 7.4e-08 

*->nLeeLdLsnNkLts!ppgalsnLpnLeeLdLsnNnLtslppglfqnL k<-* 
+L +L+L nN+++++ -M-+++L+nLe+LdL++N+L+++p + + L+ J" 

ftmzb048h1 

21 1 SLWLHLHNNRIQHVGTHSFEGLHNLETLDLNYNELQEFPL-AIRTLG 257 



LRR: domain 5 of 8, from 258 to 305: score 34.1. E ■ 3.2e-06 

*^nLeeLdLsnNkLtslppgalsnLpnLeeLdLsnNnLtslppgffqnLk<-* 
+L+eL + nN-M-f +pi+ ia+ + p L+++++ +N + ++fq L+ 

ftmzb048h1 

258 RLQELGFHNNNIKAIPEKAFMGNPLLQTIHFYDNPIQFVGRSAFQYLS 305 



LRR: domain 6 of 8, from 306 to 352: score 23.8, E = 0.0041 

*->nLeeLdLsnNk.LtslppgalsnLpnLeeLdLsnNnLtslppgtfqn Lk<-* 
+L++L+L++ +++++p+ H-f ++Le L L + ++lppg<»-Kj L+ 

ftmzb048h1 

306 KLHTLSLNGATdlQEFPD— LKGTTSLEILTLTRAGIRLLPPGVCQQLP 352 



LRR: domain 7 of 8, from 353 to 398: score 47.6, E = 2.8e-10 

*^nLeeLdLsnNW.ts!ppgalsnLpnLeeLdLsnNnLtslppglfqnLk<-* 
+L* L+Ls+N++++|p+ H- +4+Lee+ L +N > ♦ m ++f+ L+ 

1tmzb048h1 

353 RLRILELSHNQIEELPS-LHRCQKLEEIGLRHNRIKEIGADTFSQLG 398 



LRR: domain 8 of 8. from 399 to 446: score 49.4, E = 7.9e-1 1 

*->nLeeLdLsnNkLtslppgalsnLpnLeeLdLsnNnLtslppgtfqnLk<-* 
+L+ LdLs N ++ -M-R+a^s+L-M-L +LdL +N+Lt+lp + +L 

ftmzb048h1 

399 SLQALDLSWNAI RAI H P EAFSTLRSLVKLDLTDNQLTTLPLAGLGG LM 446 



Figure 2 
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Proteins wfth teuclne-rich repeats 



ft utefei (species)* 



function lc**r 



Location** Repeats' Unj0if 



Coosonsus 



PW entry 



RNaselnhMtor-Rttase 



ECMNntSne-ooflaeea 



M 

Bone inorpriQgenfcsb-BMP 
Cd adhestotMftVF, thrombin 
Cei«dhesloiK€PO(.GPI> 



K^W**or(pon**) 

Uud»fWia2<y (human) V? 

JJNAljPactfiaTD^ RNA process**-? 

U2«fWA'(human) Sp0ck*-U2 snRNP 

Bfcycanpwan) eCM bfaoa^-tamintn. 

fitmneetin, IGF0 

Occorin (human) 



ffcromodufln (bovine) 

UjT*an(cbWcen) 
PfDtec^can<J&(cNc*en) 
OstooMuctto (actor (bovine) 
Hatefet GP fba (human) 
Platelet GPV (human) 
YopMWMrtttpestfs) 
JpaH7jB(Sfi^ femerr) 

TdtfOOsapMb) 

OBHwacBhlftpsop ft fia) 
Chaoptin(Oo30pft&) 
n)0itiess4(Qro$opfiaa) 
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>human DNA seq. 

TAATACGACTCACTATAGGGAAAGCTGGTACGCCTGCAGGTACCGGICCGGAA 

TTCCCGGGTCGACCCACGCGTCCGTGGAGCGGAGCCAGGGTCTGAGCCTGCC 

GGCTCATCCAGCCTCTCTTGCTGCCCTAGCGGCCTCCAACACAACCGCATCTG 

GGAAATTGGAGCTrGACACCTTCAGCCAGCTGAGCTCCCTGCAAGCCCTGGATC 

TTAGCTGGAACGCCATCCGGTCCATCCACCCTGAGGCCTTCTCCACCXJTGCAC 

TCCCTGGTCAAGCTGGACCTGACAGACAACCAGCTGACCACACTGCCCCTGGC 

TGGACTTGGGGGCTTGATGCATCTGAAGCTCAAAGGGAACCTTGCTCTCTCCC 

AGGCCTTCTCCAAGGACAGTTTCCCAAAACTGAGGATCCTGGAGGTGCCTTATG 

CCTACCAGTGCTGTCCCTATGGGATGTGTGCCAGCTTCTTCAAGGCCTCTGGG 

CAGTGGGAGGCTGAAGACCTTCACCTTGATGATGAGGAGTCTTCAAAAAGGCC 

CCTGGGCCTCC7TGCCAGACAAGCAGAGAACCACTATGACCAGGACCTGGATG 

AGCTCCAGCTGGAGATGGAGGACTCAAAGCCACACCCCAGTGTCCAGTGTAGC 

CCTACTCCAGGCCCCTTCAAGCCCTGTGAGTACCTCTTTGAAAGCTGGGGCAT 

CCGCCTGGCCGTGTGGGCCATCGTGTTGCTCTCCGTGCTCTGCAATGGACTGG 

TGCTGCTGACCGTGTTCGCTGGCGGGCCTGCCCCCCTGCCCCCGGTCAAGTTT 

GTGGTAGGTGCGATTGCAGGCGCCAACACCTTGACTGGCATTTCCTGTGGCCT 

TCTAGCCTCAGTCGATGCCCTGAPCTTTGGTCAGJTCTCTGAGTACGGAGCCC 

GCTGGGAGACGGGGOTAGGCTGCCGGGCCACTGGCTTCCTGGCAGTACTTGG 

GTCGGAG'GCATCGGTGCTGCTGCTCACTCTGGCCGCAGTGCAGTGCAGCGTC 

TCCGTCTCCTGTGTCCGGGCCTATGGGAAGTCCCCCTCT5CTGGGCAGCGTTCG 

AGCAGGGGTCCTAGGCTGCCTGGCACTGGCAGGGCTGGCCGCCGCACTGCCC 

CTGGCCTCAGtGGGAGAATACGGGGCCTCCCCACTCTGCCTGCCCTACGCGC 

CACCTGAGGGTCAGCGAGCAGCCCTGGGCTTCACCGTGGCCCTGGTGATGAT 

GAACTCCTTCTGTTTCCTGGTCGTGGCCGGTGCCTACATCAAACTGTACTGTGA 

CCTGCCGCGGGGCGACTTTGAGGCCGTGTGGGACTGCGCCATGGTGAGGCAC 

GTGGCCTGGCTCATCTTCGCAGACGGGCTCCTCTACTGTCCCGTGGCCTTCCT 

CAGC7TCGCCTCCATGCTGGGCCTCTTCCCTGTCACGCCCGAGGCCGTCAAGT 

CTGTCCTGCTGGTGGTGCTGCCCCTGCCTGCCTGCCTCAACCCACTGCTGTAC 

CTGCTCTTCAACCCCCACTTCCGGGATGACCTTCGGCGGCTTCGGCCCCGCGC 

AGGGGACTCAGGGCCCCTAGCCTATGCTGCGGCCGGGGAGCTGGAGAAGAGC 

TCCTGTGATTCTACCCAGGCCCTGGTAGCCTTCTCTGATGTGGATCTCATTCTG 

GAAGCTTCTGAAGCTGGGCGGCCCCCTGGGCTGGAGACCTATGGCTTCCCCTC 

AGTGACCCTCATCTCCTGTCAGCAGCCAGGGGCCCCCAGGCTGGAGGGCAGC 

CATTGTGTAGAGCCAGAGGGGAACCACTTTGGGAACCCCCAACCCTCCATGGA 

TGGAGAACTGCTGCTGAGGGCAGAGGGATCTACGCCAGiCAGGTGGAGGCTTG 

TCAGGGGGTGGCGGCTTTCAGCCCTCTGGCTTGGCCTTTGCTTCACACGTGTA 

AATATCCCTCCCCATTCTTCTCTTCCCCTCTCTTCCC7TTCCTCTCTCCCCCTCG 

GTGAATGATGGCTGCTTCTAAAACAAATACAACCAAAACTCAGCAGTGTGATCT 

ATAGCAGGATGGCCCAGTACCTGGCTCCACTGATCACCTCTCTCCTGTGACCAT 

CACCAACGGGTGCCTCTTGGCCTGGCTTTCCCTTGGCCTTCCTCAGCTtCACCT 

TGATACTGGGCCTCTTCCTTGTCATGTCTGAAGCTGTGGACCAGAGACCTGGAC 

TTTTGTCTGCTTAAGGGAAATGAGGGAAGTAAAGACAGTGAAGGGGTGGAGGG 

TTGATCAGGGCACAGtGGACAGGGAGACCTCACAGAGAAAGGCCTGGAAGGT 

GATTTCCCGTGTGACTCATGGATAGGATACAAAATGTGTTCCATGTACCATTAAT 

CTTGACATATGCCATGCATAAAGACTTCCTATTAAAATAAGCTTTGGAAGAGATT 

AAAAAAAAAAAAAAAGGGCGGCCGCTCTAGAGGATCCAAGCTTACGTACGCGT 

GCATGCGACGTCATAGCTCTrCTATAGTGTCACCTAAATTCAATT 

Figure 4 



6/31 



WO 01/85768 



PCT/US01/15002 



>fahr human 

rmHYRESWYACRYRSGIPGSTHASN^RSQGLSLPAHPASLMLAASNTTASGKLE 

DTFSQLSSLCW-DLSVVI^IRSIHPEAFSTl^SLVkLDLTDNQLTTlPLAGLGGLMHL 

KLKGNUVLSC^FSKDSFPKLRILEVPYAYQCCPYGMCASFFKASGQVVEAEDLHLD 

DEESSKRPLGUARQAENHYDQDLDELQLEMEDSKPHPSVQCSPTPGPFKPCEYL 

FESWGIRLA\WAIVU.S\n.CNGLVLLTVFAGGPAPLPPVKFWGAIAGANTLTGISCG 

LLASVDALTFGQFSEYGARVVETGLGCRATGFLAVLGSEASVLLLTLAAVQCSVSVS 

CVRAYGKSPSLGSVRAGVLGCLALAGLAAALPLASVGEYGASPLCLPYAPPEGQP 

AALGFWALVMMNSFCFLWAGAYIKLYCDLPRGDFEAVWDCAMVRHVAVVLIFAD 

GLLYCPVAFLSFASMLGLFPV^EAVKSVLLWLPLPACLNPLLYLLFNPHFRDDLR 

RLRPRAGDSGPLAYAAAGELEKSSCDSTQALVAFSDVDLILEASEAGRPPGLETYG 

FPSVTLISCQQPGAPRLEGSHCVEPEGNHFGNPQPSMDGELLLRAEGSTPAGGGL 

SGGGGFQPSGLAFASHV 



Figure 5 
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LRR: domain 1 of 1, from 64 to 11 1: score 51.0, E = 2.6e-11 

*->nLeeLdLsnNWLtslppgalsnLpnLeeLdLsnNnLtslppglfqnL 
+L+LdLsN++s++p+a+s+L++L+LdL+N+U+Jp ++L 
fahr 64 SLQALDLSWNAIRSIHPEAFSTLHSLVKLDL7DNQLTTLPLAGLGGL 1 1 0 

k<-* 



fahr 111 M 111 
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GLHNLETLDLNYNKLQEFPV 20 

GGG CTG CAC AAT CTG GAG ACA CTA GAC CTG AAT TAT AAC AAG CTG CAG GAG TTC CCT GTG 60 

AIRTLG RLQELGFHNNNIKA 40 

GCC ATC CGG ACC CTG GGC AGA CTG CAG GAA CTG GGG TTC CAT AAC AAC AAC ATC AAG GCC 120 

IPEKAFMGNPLLQTIHFYDN 60 

ATC CCA GAA AAG GCC TTC ATG GGG AAC CCT CTG CTA CAG ACG ATA CAC TTT TAT GAT AAC 180 

piqfvgrsafqyl PKLHTLS 80 

CCA ATC CAG TTT GTG GGA AGA TCG GCA TTC CAG TAC CTG CCT AAA CTC CAC ACA CTA TCT 240 

L N G A M D IQEFPDLKGTTSLE 100 
CTG AAT GGT GCC ATG GAC ATC CAG GAG TTT CCA GAT CTC AAA GGC ACC ACC AGC CTG GAG ' 300 

ILTLTRAGIRLLPSGMCQQL 120 

ATC CTG ACC CTG ACC CGC GCA GGC ATC CGG CTG CTC CCA TCG GGG ATG TGC CAA CAG CTG 360 

PRLR.VLELSHNQI E E L P S L H 140 

CCC AGG CTC CGA GTC CTG GAA CTG TCT CAC AAT CAA ATT GAG GAG CTG CCC AGC CTG CAC 420 

R C Q K* L E E I G L*"Q 'H N R I W E I G A 160 

AGG TGT CAG AAA TTG GAG GAA ATC GGC CTC CAA CAC AAC CGC ATC TGG GAA ATT GGA GCT 4 80 

DT F. SQ. LSSLQALDLSWNAIR 180 

GAC ACC TTC AGC CAG CTG AGC TCC CTG CAA GCC CTG GAT CTT AGC TGG AAC GCC ATC CGG 540 

SIHP.EAFSTLHSLVKLDLTD 200 

TCC ATC CAC CCT GAG GCC TTC TCC ACC CTG CAC TCC CTG GTC AAG CTG GAC CTG ACA GAC 600 

NQLTTLPLAGLGGLMHLKLK 220 

AAC CAG CTG ACC ACA CTG CCC CTG GCT GGA CTT GGG GGC TTG ATG CAT CTG AAG CTC AAA 660 

GNLALSQAFSKDSFPKLR3L 240 

GGG AAC CTT GCT CTC TCC CAG GCC TTC TCC AAG GAC AGT TTC CCA AAA CTG AGG ATC CTG 720 

E V PY AY Q CC PY GM CA S- F F K A 260 

GAG GTG CCT TAT GCC TAC CAG TGC TGT CCC TAT GGG ATG TGT GCC AGC TTC TTC AAG GCC 780 

S G Q W E A E D L H L D D E E S S K R"' p 280 

TCT GGG CAG TGG GAG GCT GAA GAC CTT CAC CTT GAT GAT GAG GAG TCT TCA AAA AGG CCC 8.40 

> . . . ' ' ' • ■ 

LGLLARQAENHYDQDLDELQ 300 

CTG GGC CTC CTT GCC AGA CAA GCA GAG AAC CAC. TAT GAC CAG GAC CTG GAT GAG CTC CAG 900 

LEMEDSKFHPSVOCSP T.P G. P 320 

CTG GAG ATG GAG GAC TCA AA<3 CCA CAC CCC AGT GTC CAG TGT AGC CCT ACT CCA GGC CCC 960 

F K P C E Y L F. E S . W G I R L A V W A * I 340 

TTC AAG CCC TGT GAG TAC CTC TTT GAA AGC TGG GGC ATC CGC CTG GCC GTG TGG GCC ATC 1020 

V LLS V L C W G I* V LL T V FAGG P 360 

GTG TTG CTC TCC GTG CTC TGC AAT GGA CTG GTG; CTG CTG ACC GTG TTC GCT GGC GGG CCT 1080 

A P L P P V K F V V G A I A G A . N # T h T 380 

GCC CCC CTG CCC CCG GTC AAG TTT GTG GTA GGT GCG ATT GCA GGC GCC AAC * ACC TTG ACT 114 0 
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GISCGLLASVUALTFGQFSE 400 

GGC ATT TCC TGT GGC CTT CTA GCC TCA GTC GAT GCC CTG ACC TTT GGT CAG TTC TCT GAG 1200 

YGARWETGLGCRATGFLAVL 420 

TAC GGA GCC CGC TGG GAG ACG GGG CTA GGC TGC CGG GCC ACT GGC TTC CTG GCA GTA CTT 1260 

GSEASVLLLTLAAVQCSVSV 440 

GGG TCG GAG GCA TCG GTG CTG CTG CTC ACT CTG GCC GCA GTG CAG TGC AGC GTC TCC GTC 1320 

SCVRAYGKSPSltG SVRAGVL 460 

TCC TGT GTC CGG GCC TAT GGG AAG TCC CCC TCC CTG GGC AGC GTT CGA GCA GGG GTC CTA 1380 

GCLALAGLAAALP LASVGEY 480 

GGC TGC CTG GCA CTG GCA GGG CTG GCC GCC GCA CTG CCC CTG GCC TCA GTG GGA GAA TAC 1440 

GASPLCLPYAPPEGQPAALG 500 

GGG GCC TCC CCA CTC TGC CTG CCC TAC GCG CCA CCT GAG GGT CAG CCA GCA GCC CTG GGC 1500 

FTVALVMMNSFCFLVVAGAY 520 

TTC ACC GTG GCC CTG GTG ATG ATG AAC TCC TTC TGT TTC CTG GTC GTG GCC GGT GCC TAC 1560 

I KLYC D L P RGD F E AVW DCAM 540 

ATC AAA CTG TAC TGT GAC CTG CCG CGG GGC GAC TTT GAG GCC GTG.,TGG f GAC TGC GCC ATG 1620 

VRHVAW LI FADGL LY CPVAF 560 

GTG AGG CAC GTG GCC TGG CTC ATC TTC GCA GAC GGG CTC CTC TAC TGT CCC GTG GCC TTC 1680 

LSFASMLGLFPVTPEAVKSV 580 

CTC AGC TTC GCC TCC ATG CTG GGC CTC TTC CCT GTC ACG CCC GAG GCC GTC AAG TCT GTC 1740 

LLVVLPL PACLNP LLYLLFN 600 

CTG CTG GTG GTG CTG CCC CTG CCT GCC TGC CTC AAC CCA CTG CTG TAC CTG CTC TTC AAC 1800 

PHFRDDLRRLRPRAGDSGPL 620 

CCC CAC TTC CGG GAT GAC CTT CGG CGG CTT CGG CCC CGC GCA GGG' GAC TCA GGG CCC CTA 1860 

A YAAAG E LEKS SC DST QA1/V 640 

GCC TAT GCT GCG GCC GGG GAG CTG GAG AAG AGC TCC TGT GAT TCT ACC CAG GCC CTG GTA 1920 

A F S DV D L I L E A S E AG. R P.P. G..L 660 

GCC TTC TCT GAT GTG GAT CTC ATT CTG GAA GCT TCT GAA GCT GGG CGG CCC CCT GGG 'CTG 1980 

ETYGFPSVTLI SCQQPGAP'R 680 

GAG ACC TAT GGC TTC CCC TCA GTG ACC CTC ATC TCC TGT CAG CAG CCA GGG GCC CCC AGG 2040 

LEGSHCVEPE GNHFGNP QPS 700 

CTG GAG GGC AGC CAT TGT GTA GAG CCA GAG GGG AAC CAC TTT GGG AAC CCC CAA CCC TCC 2100 

M D G E L L L R A E G S T P A G G. . G L S 
ATG GAT GGA GAA CTG CTG CTG AGG GCA GAG GGA TCT ACG CCA GCA GGT GGA GGC TTG TCA 

G G G G F Q P S G. L A F A S H .V * , 
GGG GGT GGC GGC TTT CAG CCC TCT GGC TTG GCC TTT GCT TCA CAC GTG TAA 

ATATCCCTCCCCATTCTTCTCTTCCCCTCTCTTCCCTTTCCTCTCTCCCCCTCGGTGAATGATGGCTGCTTCTAAAACA 2290 

AATACAACCAAAACTCAGCAGTGTGATCTATAGCAGGATGGCCCAGTACCTGGCTCCACTGATCACCTCTCTCCTGTGA 2369 

CCATCACCAACGGGTGCCTCTTGGCCTGGCTTTCCCTTGGCCTTCCTCAGCTTCACCTTGATACTGGGCCTCTTCCTTG 24 4 8 

TCATGTCTGAAGCTGTGGACCAGAGACCTGGACTTTTGTCTGCTTAAGGGAAATGAGGGAAGTAAAGACAGTGAAGGGG 2527 
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TGGAGGGTTGATCAGGGC AC AGTGGACAGGGAG ACCTCAC AGAG AAAGGCCTGGAAGGTGATTTCCCGTGTG ACTCATG 2606 
GATAGGATACAAAATGTGTTCCATGTACCATTAATCTTGACAT ATGCCATGC ATAAAGACTTCCTATT7UVAATAAGCTT 2685 
TGGAAGAGATTAAAAAAAAAAAAAAA 2711 



FIGURE 8 

OONT. 



12/31 



WO 01/85768 



PCT/US01/15002 




13/31 



WO 01/85768 



PCTAJS01/15002 



Searching for complete domains in PFAM 
hmmpfam - search a single scq against HMM database 
HMMER 2. 1 . 1 (Dec 1998) 

Copyright (C) 1992-1998 Washington University School of Medicine 
HMMER is freely distributed under the GNU General Public License (GPL). 



HMM file: /prod/ddrn/seqanal/PFAM/pfam62/Pfam 
Sequence file: /prod/ddrnAvspace/orfana)/oa-scripLl2184.seq 



Query: 15088 

Scores for sequence family classification (score includes ail domains): 
Model Description Score E-value N 



LRR Leucine Rich Repeat 241.4 IJe-68 16 

LRRNT Leucine rich repeat N-terminal domain 27.2 0.00038 1 
7tm_l 7 transmembrane receptor (rhodopsin family) 7.2 0.14 2 

Parsed for domains: 

Model Domain seq-f seq-t hmm-f hmm-t score E-value 



LRRNT 


l/l 


34 


65 .. 


1 


31 D 


27.2 0.00038 


LRR 


1/16 


67 


90.. 


I 


23Q 


12.4 


11 


LRR 


2/16 


91 


114.. 


1 


23 [] 


24.2 


0.0031 


LRR 


3/16 


115 


138 .. 


1 


230 


19.9 


0.062 , 


LRR 


4/16 


139 


162.. 




23 0 


16.4 


0.7 


LRR 


5/16 


163 


186 .. 


1 


230 


27.5 0.00031 


LRR 


6/16 


187 


210,. 


1 


23Q 


12.1 


13 


LRR 


7/16 


211 


234.. 


1 


230 


21.6 


0.019 


LRR 


8/16 


235 


257.. 


1 


23 D 


18.2 


0.2 


LRR 


9/16 


258 


281 


1 


23Q 


19.0 


0.11 


LRR 


10/16 


282 


305 .. 


1 


23Q 


10.2 


32 ' 


LRR 


11/16 


306 


328 .. 


1 


230 


5.6 


1.5e+02 


LRR 


12/16 


329 


352 .. 


1 


230 


8.8 


52 


LRR 


13/16 


353 


374.. 


1 


230 


19.2 


0.097 


LRR 


14/16 


375 


398.. 




23Q 


16.9 


0.49 


LRR 


IS/16 


399 


422 




230 


23.7 


0.0042 


LRR 


16/16 


423 


446 .. 




230 


16.4 


0.66 


7tmJ 


1/2 


635 


662 .. 


51 


79.. 


3.4 


22 


7tm_l 


2/2 


784 


827 .. 


207 


259 .] 


1.1 


11 



Alignments of top-scoring domains: 

LRRNT: domain 1 of 1, from 34 to 65: score 27.2, E » 0.00038 
*->aCpreCtCsp..fgIvVdCsgrgLUevPrdlP<-* 
aCp++C+C-H+ l+dCs++gL +vPdl 
15088 34 ACPAPCHCQEdglMLSADCSELGLS-AVPGDLD 65 

LRR: domain 1 of 1 6, from 67 to 90: score 12.4, E= 1 1 
*->nLeeUiLsnN.LtslppglfsnLp<-* 
+LdLsN+U+lpglfH-L+ 
15088 67 LTAYLDLSMNnLTELQPGLFHHLR 90 

LRR: domain 2 of 16 t from 91 to 1 14: score 24.2, E = 0.003 1 
*->nLceLdLsnN.LtsIppglfsnLp<-* 
LeeL+Ls+N+L+++p +fs+L 
15088 91 FLEELRLSGNhLSHlPGQAFSGLY 114 

LRR: domain3of 16, from 115 to 138: score 19.9, E«= 0.062 
* ->nLeeLdLsnN.LtslppglfsnLp<-* 
+L+ L L+nN+L -H-p +++ Lp 
15088 115 SLKILMLQNNqLGGIPAEALWELP 138 

LRR: domain 4 of 16, from 139 to 162: score 16.41 E = 0.7 
♦->nLeeLdLsnN.LulppglfsnLp<-* 
+L++L+L+ N ++ +p+ +fW-L+ 
15088 139 SLQSLRLDANHSLVPERSFEGLS 162 

LRR: domain 5 of 16. from 163 to 186: score 27.5. E » 0.00031 
*->nLceLdLsnN.Ltslppgl fsnLp<-* 
+L++L+L++N Lt-H-p +++nLp 
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15088 163 SLRHLWKDDNaLTEIPVRALNNLP 186 

LRR: domain 6 ofl 6, from 187 to 210: score 12.1. E » 13 
♦-> n LecLdLsnN.UslppglfenLp<-* 
L+ L N un »p++f*nL+ 
15088 187 ALQANJTLALNrlSHIPDYAFQNLT 210 

LRR: domain 7 of 16, from 21 1 to 234: score 21 .6, E = 0.019 
*o t ,LecLdLsnN.UslppglfsnLp<-' 
+L+L+L+nN++++l -H-f++L 
15088 211 SLVVLHLHNNrlQHLGTHSFEGLH 234 

LRR: domain 8 of 16, from 235 to 257: score 18.2, E *» 0.2 
♦->nLceLdUnN.UslppglfsnLp<-* 
nLe+LdL++N+L+++p +++L 
15088 235 NLETLDLNYNkLQEFPV-AlRTLG 257 

LRR: domain 9 of 16, from 258 to 281 : score 19.0, E - 0.1 1 
*->nLecLdLsnN.UslppglfsnLp<-* 
+L+eL ++nN+++ +p+++f + p 
15088 258 RLQELGFHNNnlKAIPEKAFMGNP 281 

LRR: domain 10 of 16, from 282 to 305: score 10.2, E ° 32 
*->nUeLdLsnN.LtslppglfsnLp<-* 
L-H I 1 1 +N+++ -fe^+ff Lp 
1^088 282 LLQTIHFYfc>Np!QFVGRSAFQYLP 305 

» *■ *-* ' 

LRR: domain 1 1 of 16, from 306 to 328: score 5.6, E - 1.5e+02 
♦->nLeeLdLsnN..LtslppglfsnLp<-* 
+L++L+L-M- +++++p+ +++ + 
15088 306 KLHTLSLNGAmdIQEFPD-LKGTT 328 

LRR: domain 12 of 16, from 329 to 352: score 8.8, E - 52 
*->nLeeLdLsnN.LtsIppglfsnLp<-* 
+Lc L L + +++ Ip+g +-H-Lp 
15088 329 SLElLTLTRAglRLLPSGMCQQLP 352 

LRR: domain 13 of 16, from 353 to 374: score 19.2, E«0.097 
*^>nUeLdLsnN.UslppglfsnLp<-» 
+L++L Ls+N++++lp+ ++ ++ 
15088 353 RLRVLELSHNqlEELPS-LHRCQ 374 

LRR: domain 14 of 16, from 375 to 398: score 16.9, E = 0.49 
*->nLeeLdLsnN.UslppglfsnLp<-* 
+Lec+L++N"H-++ ++&+L+ 
15088 375 KLEEIGLQHNrlWEIGADTFSQLS 398 

LRR: domain 15 of 16, from 399 to 422: score 23.7, E = 0.0042 
*->nLeeLdLsnN.LtslppglfsnLp<-* 
+L+ LdLs N ++s++p++fs L 
15088 399 SLQALDLSWNalRSlHPEAFSTLH 422 

LRR: domain 16 of 16, from 423 to 446: score 16.4, E - 0.66 
*->nLeeLdLsnN .LtslppglfsnLp<-* 
+L+LdL+N+U+lp ++L 
15088 423 SLVKLDLTDNqLTTLPLAGLGGLM 446 

7tro_l: domain 1 of 2, from 635 to 662: score 3.4, E = 22 
*->dWpfGsalCklviaJdwnmyaSillLta<-* 
+W G -HO v+ + aS+HLt+ 
15088 635 RWETG-LGCRATGFLAVLGSEASVLLLTL 662 

7tm I: domain 2 of 2, from 784 to 827: score 1.1, E - 1 1 

♦->ICWIPyfivllldUc.lsiimsstCelervlptaUvtlwLayvNs 

1-f P + + + +| \ ♦ | || | | | |y |+4- + + 

15088 784 LLYCPVAFLSFASMLGIFPV TPEAVKSVLLVVLPLPA 820 

clNPilY<-* 
cINP-w-Y 
15088 821 CLNPLLY 827 
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// 

Searching for complete domains in SMART 

hmmpfam - search a single seq against HMM database 

HMMER 2.1.1 (Dec 1998) 

Copyright (C) 1992-1998 Washington University School of Medicine 
HMMER is freely distributed under the GNU General Public License (GPL) , 



HMM file: 
Sequence file: 



/ddra/robison/smart /smart /smart . all , hmms 
/prod/ddm/wspace/orf anal /oa- script . 12184 . seq 



Query: 15088 



Scores for sequence family classification 
Model Description 



(score includes all domains); 



LRR_typ_2 
LRR_PS_2 
LRR~sd22 2 
lrrntl 
LRR_bac_2 
LRR~*RI 2 



Score 


E-value 


N 


247.2 


2.3e-70 


14 


78.1 


1.8e-19 


13 


33.5 


4.9e-06 


5 


25.7 


0.0011 


1 


11.8 


3 


7 


5.4 


7.7 


4 



Parsed for domains 
Model 



p^rmtl 

LRR_PS_2 

LRR_typ_2 

LRRJbac_2 

LRR_PS_2 

LRR_typ_2 

LRR_RI_2 

LRR_bac__2 

LRR_PS_2 

LRR_typ_2 

LRR bac_2 

LRR~PS_2 

LRR_typ_2 

LRR_PS_2 

LRR_typ_2 

LRR_sd22_2 

LRR_RI_2 

LRR~PS~2 

LRR_typ_2 

LRR_PS_2 

LRR_typ_2 

LRR_RI_2 

LRR_sd22_2 

LRR_bac_2 

LRR_typ_2 

LRR_PS_2 

LRR_bac_2 

LRR_PS_2 

LRR_typ__2 

LRR_typ"~2 

LRR_bac~2 

LRR_PS_2 

LRR_sd22_2 

LRR_typ_2 

LRR_Rlj2 

LRR~PS_2 

LRR~typ_2 

LRR sd22_2 

LRR~PS_2 

LRR_typ_2 

LRR_bac_2 

LRR_sd22_2 

LRR_PS_2 

LRR_typ_2 



Domain 


seq-f 


seq-t hmro-f 


hmm-t 




score 



E-value 





1/1 




34 


70 .. 1 


38 


() 


25.7 


0.0011 


1/13 


64 


87 . . 1 


24 


I) 


1.9 


1.2e+02 


1/14 


64 


88 .. 1 


24 


n 


12.6 


2.1 


1/7 


89 


108 .. 1 


20 


[] 


0.9 


80 


2/13 


89 


111 .. 1 


24 




17.2 


0.4 


2/14 


89 


112 . . 1 


' 24 


[) 


32.1 


1.3e-05 


1/4 


89 


115 .. 1 


28 


[j 


3.6 


14 


2/7 


113 


132 .. 1 


20 


n 


' 1.6 


66 


3/13 


113 


136 . . 1 


24 


[j- 


1.1 


1.5e+02 


3/14 


113 


136 1 


24 


n 


19.2 


0.1 


3/7 


137 


156 .. 1 


20 


[] 


0.1 


le+02 


4/13 


137 


159 . . 1 


24 


[] 


7.1 


24 


4/14 


137 


160 .. 1 


24 


[] 


25.9 


0.00095 


5/13 


161 


183 1 


24 


u 


11.4 


6.6 


5/14 


161 


184 .. 1 


24 


13 


27.5 


0.00031 


1/5 


161 


187 . . 1 


22 


[3 


5.3 


31 


2/4 


161 


190 .. 1 


28 


[] 


5.3 


8 


6/13 


185 


207 .. 1 


24 


t J 


7.0 


25 


6/14 


185 


208 1 


24 


U 


23.2 


0.0062 


7/13 


209 


232 1 


24 


f] 


3.1 


79 


7/14 


209 


232 1 


24 


[] 


28.1 


0.0002 


3/4 


209 


235 .. 1 


28 


u 


1.2 


31 


2/5 


209 


235 1 


22 


(J 


13.5 


3 


4/7 


233 


252 .. 1 


20 


[) 


10.7 


4.1 


8/14 


233 


255 .- 1 


24 


u 


16.1 


0.76 


8/13 


233 


255 .. 1 


24 


[] 


17.1 


0.43 


5/7 


256 


275 .. 1 


20 


n 


0.2 


le+02 


9/13 


256 


278 .. 1 


24 


n 


2.9 


85 


9/14 


256 


279 .. 1 


24 


(] 


24.4 


0.0026 


10/14 


327 


350 1 


24 


u 


3.1 


29 


6/7 


351 


370 .. 1 


20 


u 


14.6 


1.3 


10/13 


351 


372 .. 1 


24 


[] 


10.8 


6 


3/5 


351 


372 .. 1 


22 


u 


7.6 


16 


11/14 


351 


373 .. 1 


24 


n 


18.8 


0.13 


4/4 


351 


378 .. 1 


28 


[] 


2.6, 


19 


11/13 


373 


396 .. 1 


24 


u 


2.3 


le+02 


12/14 


374 


396 .. 1 


24 


11 


6.8 


10 


4/5 


397 


418 1 


22 


[] 


7.0 


19 


;i2/l-3 


. .397 


. ..4i9 . . 1 


24 


u 


13.6 


' ' 3.4 


13/14 


397 


420 1 


24 


[] 


30.4. 


4-.3e-05 


7/7 


421 


440 .. 1 


20 


[J 


5.8 


18 


5/5 


421 


441 1 


22 


u 


3.7 


: 49 


13/13 


421 


442 .. 1 


24 


u 


5.5 


39 


14/14 


421 


444 .. 1 


24 


n 


21.6 


0.018 



Alignments of top-scoring domains: 
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lrmtl: domain 1 of 1, from 34 to 70: score 25.7, E - 0.0011 

*->qCPapCtCsp.dfgtaVdCsgrgLttlevPldlPadttl<-* 
+CPapC+C ++ ++ dCs++gL +vP dl + t + 
15088 34 ACPAPCHCQEdGIMLSADCSELGLS — AVPGDLDPLTAY 70 

"W_PS_2: domain 1 of 13, from 64 to 87: score 1.9, E - 1.2e+02 
*->LtsL.qvLdLsnNnLsGeIPsslgn<-* 
I* L+ +LdLs NnL+ e+ + 1+ 
15088 64 LDPLtAYLDLSMNNLT- ELQPGLFH 87 

X*RR_typ_2: domain 1 of 14, from 64 to 88: score 12.6, E - 2.1 
*->LpnL. reLdLsnNqLtsLPpgaFqg<-* 
L L+ LdLs N+Lt+L pg+F++ 
15088 64 LDPLtAYLDLSMNNLTELQPGLFHH 88 

LRR_bac_2: domain 1 of 7, from 89 to 108: score 0.9, E = 80 
* ->PpsLkeLnvsnNrLteLPeL<- * 
+L+eL-r S+N+L+ P 
15088 89 LRFLEELRLSGNHLSHI PGQ 108 

LW L_ PS _ 2: domain 2 of 13, from 89 to 111: score 17.2, E = 0.4 
* ->LtsLqvLdLsnNnLsGeI Ps s lgn<- * 
L+ L++L+Ls+N+Ls +IP + ++ 
15088 89 LRFLEELRLSGNHLS-HI PGQAFS 111 

IJ * R _typ_2: domain 2 of 14, from 89 to 112: score 32.1, E « 1.3e-0S 
- *->LpnLreLdLsnNqLt3jLPpgaFqg<-* 
L+ L+eL+Ls+N+L+++P +aF+g 
15088 ;.*89 LRFLEELRLSGNHLSHI PGQAFSG 112 

LRRJOC_2: domain 1 of 4, from 89 to 115: score 3.6, E » 14 
* ->npsLreLdLsnNkl . gdeGaraLaeaLks<-» 
++ L+eL+Ls+N+l+++ G + ++L s 
15088 89 LRFLEELRLSGNHLSHI PG—QAFSGLYS 115 

LRRj5ac_2: domain 2 of 7, from 113 to 132: score 1.6, E = 66 
*->PpsLkeLnvsnNrLteLPeL<-* 
sLk+L +nN+L P+ 
15088 113 LYSLKILMLQNNQLGGIPAE 132 

LRR_PS_2: domain 3 of 13, from 113 to 136: score 1.1, E « 1.5e+02 
*->LtsLqvLdLsnNnLsGeIPsslgn<-* 
L SL++L L+nN+L G +1+ 
15088 113 LYSLKI LMLQNNQLGGIPAEALWE 136 

LRR _ t yP_2: domain 3 of 14, from 113 to 136: score 19.2, E = 0.1 
*->LpnLreLdLsnNqLtsLPpgaFqg<-* 
L +L+ L L+nNqL +P++a++ 
15088 113 LYS LK I LMLQNNQLGG I PAE ALWE 136 

U»J»cJI : domain 3 of 7, from 137 to 156: score 0.1, E « le+02 • 
*->PpsLkeLnvsnNrLteLPeL<-* 
psL++L+ + N ++ Pe 
15088 137 LPSLQSLRLDANLI SLVPER 156 

LRR_PSJ2: domain 4 of 13, from 137 to 159: score 7.1, E * 24 
*->LtsLqvLdLsnNnLsGeIPsslgn<-* 
L+sLq+L+L N +S +P+ + 
15088 137 LPSLQSLRLDANLI S-LVPERS FE 159 

LW L. t yP_2: domain 4 of 14, from 137 to 160: score 25.9, E « 0.00095 
*->LpnLreLdLsnNqLtsLPpgaFqg<-* 
Lp+L++L+L+ N ++ +P++ F+g 
. i 15089- 137.. LPSLQSLRLDANLI SLVPERSFEG ' 160 ' 

"WJPS_2: domain 5 of 13, from 161 to 183: score 11.4, E - 6.6 
*->LtsLqvLdLsnNnLsGeIPsslgn<-* 
L+sL++L L +N L+ elP n 
15088 161 LSSLRHLWLDDNALT-EI PVRALN 183 

IJ *R_ t YP__ 2 : domain 5 of 14, from 161 to 184: score -27 .-5, • '-"z = 0.00031 
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*->LpnLreLdLsnNqLtsLPpgaFqg<-* 
L++Lr+L L++N+Lt++P +a+++ 
15088 161 LSSLRHLWLDDNALTEI PVRALNN 184 

LRR_ad22_2: domain 1 of 5, from 161 to 187; score 5.3, E = 31 

*->LtnLeeLdLsqNkI kkiENLde<-* 

L+ L++L+L +N ++++++ NL 
15088 161 LSSLRHLWLDDNALteipvRALNNLPA 187 

LRR_RI_2: domain 2 of 4, from 161 to 190: score 5.3, E « 8 
*->npsLreLdLsnNklgdeGaraL. , aeaLks<-* 
++sLr L+L +N 1++ +raL++ aL++ 
15088 161 LSSLRHLWLDDNALTEI PVRALnnLPALQA 190 

IJU L PS L2 : domain 6 of 13, from 185 to 207: score 7.0, E » 25 
*->LtsLqvLdLsnNnLsGeIPsslgn<-* 
L+ Lq L+ N++s +IP+ ++ 
15088 105 LPALQAMTLALNRIS-HI PDYAFQ 207 

I*RB_typ_2: domain 6 of 14, from 185 to 208: score 23.2, E « 0.0062 
*->LpnLreLdLsnNqLtsLPpgaFqg<-* 
Lp+L+ L N+++++P+ aFq+ 
15088 185 LPALQAMTLALNRI SHI PDYAFQN 208 

LRR_PSj<2: domain 7 of 13, from 2ft9 to 232: score 3.1, E ~ 79 
*->LtsLqvLdLsnNnLsGeIPsslgn<-* 
LtsL+vL+L+nN++ s+ 
15088 209 LTSLWLHLHNNRIQHLGTHSFEG 232 

I*RR_typ_2: domain 7 of 14, from 209 to 232: score 28.1, E « 0.0002 
♦ ->LpnLreLdLsnNqLtsLPpgaFqg<-* 
L++L +L+L+nN++++L F+g 
15088 209 LTSLWLHLHNNRIQHLGTHSFEG 232 

ljoi_RI_2: domain 3 of 4, from 209 to 235: score 1.2, E •= 31 
*->npsLreLdLsnNklgdeGaraLaeaLks<~* 
•M-sL +L+L nN + G + e+L+ 
15088 209 LTSLWLHLHNNRIQHLGTHSF-EGLHN 235 

LRR_sd22_2: domain 2 of 5, from 209 to 235: score 13.5, E « 3 

*->LtnLeeLdLsqNkI kkiENLde<-* 

Lt L++L L +N+I++ +++++E+L++ 
15088 209 LTSLWLHLHNNRIqhlgtHSFEGLHN 235 

I*RR_bac_2: domain 4 of 7, from 233 to 252: score 10.7, E = 4.1 
* ->Pps LkeLnvsnNrLteLPeL< - * 
++L++L+ ++N+L e+P 
15088 233 LHNLETLDLNYNKLQEFPVA 252 

I«RR_typ_2: domain 8 of 14, from 233 to 255: score 16.1, E « 0.76 
*->LpnLreLdLsnNqLtsLPpgaFqg<-* 
L+nL++LdL++N+L++ P + + 
15088 233 LHNLETLDLNYNKLQEFPVAI-RT 255 

VR*_?SJZ: domain 8 of 13, from 233 to 255: score 17.1, E « 0.43 
*->LtsLqvLdLsnNnLsGeIPsslgn<-* 
L++L++LdL++N+L e+P + 
15088 233 LHNLETL DLNYN KLQ-EFPV A I RT 255 

I»RR_bac_2: domain 5 of 7, from 256 to 275: score 0.2, E = le+02 
*->PpsLkeLnvsnNrLteLPeL<-* 
+L+eL+ nN+++ Pe 
15088 256 LGRLQELGFHNNNIKAIPEK 275 

LRR_PS_2: domain 9 of 13, from 256 to 278: score 2.9, E - 85 
*->LtsLqvLdLsnNnLsGeIPsslgn<-*' 
L +Lq+L ++nNn+ IP+ + 
15088 256 LGRLQELGFHNNNIK-AIPEKAFM 278 

LRR_typ__2: domain 9 of 14, from 256 to 279: score 24.4, E = 0.0026 
*->LpnLreLdLsnNqLtsLPpgaFqg<-* 
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L+eL -nN+++++p+ aF g 
15088 256 LGRLQELGFHNNNIKAIPEKAFMG 279 

I*RR_typ_2: domain 10 of 14, from 327 to 350: score 3.1, E - 29 
* ->LpnLreLdLsnNqLtsLPpgaFqg<- * 
4+L4 L L + ++ LP4g++q 
15088 327 TTSLEI LTLTRAGI RLL PS GMCQQ 350 

LRRJbac_2: domain 6 of 7, from 351 to 370: score 14.6, E » 1.3 
*->PpsLkeLnvsnNrLteLPeL<-* 
p+L+ L s+N+++eLP L 
15088 351 LPRLRVLELSHNQI EELPSL 370 

LRR_PS_2: domain 10 of 13, from 351 to 372: score 10.8, E - 8 
*->LtsLqvLdLsnNnLsGeIPsslgn<-* 
L++L+vL+Ls+N++ e+Ps 1 4 
15088 351 LPRLRVLELSHNQIE-ELPS-LHR 372 

LRR_sd22_2: domain 3 of 5, from 351 to 372: score 7.6, E «=> 16 
*->LtnLeeLdLsqNkI kkiENLde<-* 
L +L++L+LS+N+I+ 4 L+ 
15088 351 LPRLRVLELSHNQI EELPSLHR 372 

LRR -_ t yP_ 2: domain 11 of 14, from 351 to 373: score 18.8, E - 0.13 

*->LpnLreLdLsnNqLtsLPpgaFqg<-* . - '* * 

Lp Lr+L Ls+Nq++4LP 4 ++..'* • ' 
15088 351 LPRLRVLELSHNQI EELP-SLHRC 373 

I*RR__RI_2: domain 4 of 4, from 351 to 378: score 2.6, E «= 19 
*->npsLreLdLsnNklgdeGaraLaeaLks<-* 
4p+Lr4L LS4N 4 4 + ++ L4+ 
15088 351 LPRLRVLELSHNQIEELPSLHRCQKLEE 378 

IJEWFS^:.. domain il of 13, from 373 to 396: score 2.3, E = le402 
^ '•" *->LtsLqvLdLsnNnLsGeIPsslgn<-* 
+++L4++ L++N44 +++++ 
15088 373 CQKLEEIGLQHNRIWEIGADTFSQ 396 

LRR_typ_ 2: domain 12 of 14, from 374 to 396: score 6.8, E « 10 
*->LpnLreLdLsnNqLtsLPpgaFqg<~ * 
+L4e L++N4+ ++ +++F4 
15088 374 -QKLEEIGLQHNRIWEIGADTFSQ 396 

UW_sd22_2: domain 4 of 5, from 397 to 418: score 7.0, E « 19 
*->LtnLeeLdLsqNkIkkiENLde<-* 
L4 L4 LdLs+N 14+i 
15088 397 LS SLQALOLSWN AI RS I H PEAF 418 

LRR - PS _ 2: domain 12 of 13, from 397 to 419: score 13.6, E » 3.4 
*->LtsLqvLdLsnNnLsGeIPsslgn<-* 
L+sLq LdLs4N 4 41 ++ +4 
15088 397 L S S LQ ALDL SWNAI R- S I H PEAFS 419 

LRR_typ_2: domain 13 of 14, from 397 to 420: score 30.4, E ** 4.3e-05 
* - >LpnLr e LdLs nN qLt s LPp ga Fqg< - * 
L44L4 LdLs4N++4s4+p+aF4 
15088 397 LSSLQALDLSWNAIRSIHPEAFST 420 

LBR — bac - 2 : domain 7 of 7, from 421 to 440: score 5.8, E - 18 
*->PpsLkeLnvsnNrLteLPeL<-* 
4sL 4L4 +N+Lt+LP 
15088 421 LHSLVKLDLTDNQLTTLPLA 440 

LRR_sd22_2i .domain- 5 of 5,.. from 421 to 441: score 3.7, E. = 49 
*->LtnLeeLdLsqNkIkkiENLde<-* 
L4 L+ LdL +N+4+ 4 l 4 
15088 421 LHSLVKLDLTDNQLTTL-PLAG 441 

LRR_PS_2: domain 13 of 13, from 421 to 4 42: score 5.5, E - 39 
*->LtsLqvLdLsnNnLsGeIPsslgn<-* 

L+sL+ LdL «*-N+L+ ++P g . '. 
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15088 421 LHSLVKLDLTDNQLT-TLPL-AGL 442 

**RR_typ_2: domain 14 of 14, from 421 to 444: score 21.6, E «■ 0.018 
♦->LpnLreLdLsnNqLtsLPpgaFqg<-* 
L++L +LdL +NqLt+LP ++g 
15088 421 LHSLVKLDLTDNQLTTLPLAGLGG 444 

// 



FIGURE 11 cent. 



20/31 



WO 01/85768 



PCT/US01/15002 



GAP of: frGcgManager_101_HTAUB3ha_ check: 281"? from: 1 to: 363"? 
mLGR6 - 1 {analysis only) - Import - complete 

to: FrGcgManager_101_ITA0fLsO_ check: 3059 from: 1 to: 2711 

corrected human LGR6 (analysis o - Import - complete 

Symbol comparison table: 
/ddm_local/gcg/gcg_9. 1/gcgcore/data/rundata/nwsgapdna . cmp 
CompCheck: 8760 

Gap Weight: 12 Average Match: 10.000 

Length Weight: 4 Average Mismatch: 0.000 

Quality: 21826 Length: 3688 

Ratio: 8.051 Gaps: 20 

Percent Similarity: 84.248 Percent Identity: 84.211 

'Match display thresholds for the alignment (s) :? 

I - IDENTI-TY . . * 

: = 5 
. = 1 

FrGcgManager_101_HTAUB3ha_ x FrGcgManager_101_ITA0f LsO_ 



' 901 CCCACAGCTTCGAGGGGCTGCACAATCTGGAGACACTAGACCTGAACTAT 950 MOUSE 

I I II I I II I I I I I il I I I 1 I I 1 I I I I I I I I I I 1 I I 
1 GGGCTGCACAATCTGGAGACACTAGACCTGAATTAT 36 HUMAN 

951 AATGAGCTGCAGGAGTTCCCCTTGGCTATCCGGACCCTGGGCAGACTGCA 1000 

II I I I I I II I II I I I I I I I I II I I II I I I I I I I I I I I I I I I I I I I 
37 AACAAGCTGCAGGAGTTCCCTGTGGCCATCCGGACCCTGGGCAGACTGCA 86 

1001 AGAATTGGGTTTCCATAACAACAACATCAAGGCTATCCCAGAGAAAGCCT 1050 

III MM II I MUM I MM MM Mill MM Mil II MM 
87 GGAACTGGGGTTCCATAACAACAACATCAAGGCCATCCCAGAAAAGGCCT 136 

• - » • • . 
1051 TCATGGGCAACCCTCTCCTGCAGACAATACATTTTTATGACAACCCAATC 1100 

II I II II II I I I II I II Mill Mill M I I I II I MINIMI 
137 TCATGGGGAACCCTCTGCTACAGACGATACACTTTTATGATAACCCAATC 186 

• .... 

1101 CAGTTTGTGGGAAGGTCAGCATTCCAGTACCTGTCTAAACTGCATACGCT. 1150. 
M I II II II I I I II II M II I M II I II II I • II I II II II M M 
187 CAGTTTGTGGGAAGATCGGCATTCCAGTACCTGCCTAAACTCCACACACT 236' 

1151 A^CTTTGAATGGTGCCACTGATATCCAAGAGTTCCCAGACCTCAAAGGCA 1200 
MM MUM I Mill M Mill I MM Mill III MM Ml 
237 ATCTCTGAATGGTGCCATGGACATCCAGGAGTTTCCAGATCTCAAAGGCA 28 6' 

1201 CCACTAGCCTGGAGATCCTGACCCTGACgCGTGCGGGCATCAGACTGCTC 1250: 
MM I M I II I M M II I II M II I II II 1 M M M II I I M I il' 
28"? CCACCAGCCTGGAGATCCTGACCCTGACCCGCGCAGGCATCCGGCTGCTC 336 

1251 CCACCGGGAGTGTGCCAACAGCTGCCTAGGCTCCGAATCCTGGAGCTGTC 1300 
Ml II II I I M II II It M M I 1 M I M II 1 i Mlltll Mill 
337 CCATCGGGGATGTGCCAACAGCTGCCCAGGCTCCGAGTCCTGGAACTGTC 386 
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1301 TCATAATCAGATCGAGGAGTTACCCAGCCrGCACAGATGTCAGAAGCTGG 1350 
111 Mill II MINI I Mil MIIMIIII Mllllll Mi 
387 TCACAATCAAATTGAGGAGCTGCCCAGCCTGCACAGGTGTCAGAAATTGG 4 36 

1351 AGGAAATTGGCCTCXGACATAACAGGATCAAGGAAATTGGTGCAGATACC 14 00 
1IIIMI Mlllll III III I Ml MIIIMM II II III 
437 AGG AAATCGGCCTCCAACACAACCGCATCTGGGAAATTGGAGCTGACACC 4 8 6 

1401 TTCAGCCAGCTGGGCTCCTTGCAAGCTTTAGACCTGAGTTGGAATGCCAT 1450 
M I M II I M I I MMI MMIM I II II II Mill Mill 
487 ttcagccagctgagctccctgcaagccctggatcttagctggaacgcx:at 536 

1451 ccgtgccatccaccctgaggctttctcaacccttcgatccttggttaagc 1500 
Ml M 1 M II M I M M I I MM) Mill ) II I I I II II I I 
537 CCGGTCCATCCACCCTGAGGCCTTCTCCACCCTGCACTCCCTGGTCAAGC 586 

1501 TGGACCTGACTGACAACXAGCTGACCACACTGCCCCTGGCTGGGCTGGGA 1550 
I MMI MM M I I M 1 U M M M I 1 11 M 1 M 1 M M I M M M 
587 TGGACCTGACAGACAACCAfeCTGACCACACTGCCCCTGGCTGGACTTGGG 636 

1551 GGCCTGATGCACCTQAAGCTCAAAGGGAACTTGGCCCTGTCTCAGGCCTT 1600 
III MMIM H LI II I M M M II I M I II M II Mllllll 
637 GGCTTGATGCATCTGAAGCTCAAAGGGAACCTTGCTCTCTCCCAGGCCTT 686 

1601- CTCCAAGGACAGTTTCCCAAAACTGAGGATCCTGGAGGTGCCCTACGCCT 1650 
I II I I II II I I I I M M M M M M II II M I M M M I M I II MM 
687 CTCCAAGGACAGTTTCCCAAAACTGAGGATCCTGGAGGTGCCTTATGCCT 736 

1651 ACCAGTGCTGTGCCTACGGCATCTGTGCCAGCTTCTTCAAGACCTCTGGG 1700 
I I I II i II II I Mil II M MMMMIMMMIM Mllllll 
737 ACCAGTGCTGTCCCTATGGGATGTGTGCCAGCTTCrTCAAGGCCTCTGGG 786 

1701 CAGTGGCAGGCCGAGGACTTTCATCCAGAAGAAGAGGAGGCACCAAAGAG 1750 
II II I I I I I I II II I I I M I II II I I M I I I I M I M 
787 CAGTGGGAGGCTGAAGACCTTCACCTTGATGATGAGGAGTCTTCAAAAAG 836 

1751 GCCCCTGGGTCTCCTTGCTGGACAAGCTGAGAACCACTATGACCTAGACC 1800 
MIIIMM II I II I I I II II I I I II I II M I I M M II I 1 II 1 
837 GCCCCTGGGCCTCCTTGCCAGACAAGCAGAGAACCACTATGACCAGGACC 886 

1801 TGGATGAGCTCCAGATGGGGACAGAGGACTCAAAGCCAAACCCCAGTGTC 1850 
I M II I I II II I I I II I I I I I I II M II I M II I M I I I II I II I 
887 TGGATGAGCTCCAGCTGGAGATGGAGGACTCAAAGCCACACCCCAGTGTC '936 . 

1851 CAGTGCAGCCCTGTTCCAGGCCCCTTCAAGCCCTGCGAGCACCTCTTTGA 1900 
I II I I I I II II II I II II II II I II I I M I M Ml MIIMIIII 
937 CAGTGTAGCCCTACTCCAGGCCCCTTCAAGCCCTGTGAGTACCTCTTTGA 986 

1901 (?AGCTGGGGCATCCGCCT.TGPTGTGTGGGCCATCGTGCTGCTCTCCGTAC 1950 
' I'M I M II I M I II I M M I I M. I M I M I I I II ' M Ml I I I II I 
987 AAGCTGGGGCATCCGCCTGGCCGTGTGGGCCATCGTGTTGCTCTCCGTGC 1036 

1951 TCTGTAACGGGCTGGTGCTGCTGACAGTCTTTGCCAGCGGACCCAGCCCG 2000 

MM II M II II I I M M I M I II h M - M.I I II ' I I I 
1037 TCTGCAATGGACTGGTGCTGCTGACCGTGTTCGCTGGCGGGCCTGCCCCC 1086 

2001 CTGTCCCCCGTCAAGCTTGTGGTGGGTGCGATGGCAGGCGCCAACGCCCT 2050 

Ml MM M II II MMIM Mllllll II I II M I II I I II I 
1087 CTGCCCCCGGTCAAGTTTGTGGTAGGTGCGATTGCAGGCGCCAACACCTT 1136 
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2051 GACGGGCATTTCCTGTGGTCTCCTGGCCTCTGTGGACGCCTTGACCTATG 2100 

Ml II I I I I I I I I I I I I M II I I M I II U III I II I I I II 
1137 GACTGGCATTTCCTGTGGCCTTCTAGCCTCAGTCGATGCCCTGACCTTTG 1186 

2101 GTCAGTTCGCTGAGTATGGAGCCCGCTGGGAGAGCGGTCTGGGCTGCCAG 2150 

I 1 1 1 1 I I I ! 1 1 I 1 1 I 11111)1111111)11 I) II II MM! I 
1187 GTCAGTTCTCTGAGTACGGAGCCCGCTGGGAGACGGGGCTAGGCTGCCGG 1236 

2151 GCTACGGGCTTCCTGGCTGTCCTGGGTTCAGAGGCGTCGGTGCTGCTGCT 2200 

II II I I I i J I I I I ! I II II II II I f I I I I I I I I I I I I J I I I I 
1237 GCCACTGGCTTCCTGGCAGTACTTGGGTCGGAGGCATCGGTGCTGCTGCT 1286 

2201 CACACTGGCGGCCGTGCAGTGCAGCATCTCTGTGACCTGCGTCCGAGCCT 2250 

Mi I II I I II I II II II II I II I I II II I I II II II I I I II 
1287 CACTCTGGCCGCAGTGCAGTGCAGCGTCTCCGTCTCCTGTGTCCGGGCCT 1336 

2251 ACGGGAAGGCGCCGTCGCCTGGCAGCGTCCGCGCAGGCGCACTGGGATGC 2300 

I 1 1 1 I II 1 II II I MM MM II Mill I II II III 
1337 ATGGGAAGTCCCCCTCCCTGGGCAGCGTTCGAGCAGGGGTCCTAGGCTGC 1386 

2301 «»CTGGCGCTGGCCGGGCTGGCCGCAGCACTGCCGCTGGCCTCGGTGGGAGA 2350 

Mill Mill I I I M II M II I I M II M I I I II M I II I II I M 
1387 CTGGCACTGGCAGGGCTGGCCGCCGCACTGCCCCTGGCCTCAGTGGGAGA 14 36 

2351 GTATGGCGCCTCCCCACTCTGCCTGCCCTACGCCCCACCCGAGGGCCGGC 2400 

M II I I ) II I II M I I II II II I I I I I I M II I I I Mill I II 
1437 ATACGGGGCCTCCCCACTCTGCCTGCCCTACGCGCCACCTGAGGGTCAGC 1486 

2401 CGGCCGCCCTGGGCTTCGCTGTAGCCCTGGTGATG ATGAACTCGCTCTGC 2450 

1 II II I I II I I I II I I II II II II I 1 I I II I II II II I MM 
1487 CAGCAGCCCTGGGCTTCACCGTGGCCCTGGTGATGATGAACTCCTTCTGT 1536 

2451 TTCCTGGTGGTGGCCGGCGCCTACATCAAGCTCTACTGTGACCTGCCACG 2500 

I I I I I I I I III Mill I 11 I II M M I II MMIMIMIIM I I 
1537 TTCCTGGTCGTGGCCGGTGCCTACATCAAACTGTACTGTGACCTGCCGCG 1586 

2501 GGGTGACTTTGAGGCCGTGTGGGACTGCGCCATGGTGCGCCACGTGGCCT 2550 

Ml I M I I M I M II M M M M I M I M 11 I M I I I M M ) I I I M 
1587 GGGCGACTTTGAGGCCGTGTGGGACTGCGCCATGGTGAGGCACGTGGCCT 1636 

2551 GGCTCATCTTTGCAGATGGCCTCCTCTACTGCCCCGTGGCCTTCCTCAGC 2600 

M M I I II I I 1 II I I II II I I I II I II I M II I I II II II II M II 
1637 GGCTCATCTTCGCAGACGGGCTCCTCTACTGTCCCGTGGCCTTCCTCAGC 1686 

2601 TTTGCCTCCATGCTGGGCCTCTTCCCTGTCACCCCCGAGGCTGTCAAGTC 2650 

II I I I I I I I II II I I I I II II II I I II II I I I I II I I M I I I I 11 II 
1687 TTCGCCTCCATGCTGGGCCTCTTCCCTGTCACGCCCGAGGCCGTCAAqTC 1736 

2651 AGTCCTTCTGGTGGTGCTGCCTCTGCCTGCCTGCCTCAACCCACTGCTCT 2700 

. • III I |- U\ M I I I I I M I I . M I I I I 111 II M M I II I II II I'M . I 
17*37 TGTCCTGCTGGTGGTGCTGCCCCTGCCTGCCTGCCTCAACCCACTGCTGT 17 86 . 

2701 ACCTGCTGTTCAACCCTCACTTCCGGGATGACCTTCGGCGGCTCTGGCCA 27 50 

M I I M I I M II M I I M M M II Ml M II I 11 II I 1 M M I II I 
1787 ACCTGCTCTTCAACCCCCACTTCCGGGAXGACCXTCGGCGGCTTCGGCCO 1836 . 

2751 AGCCCTCGGTCCCCAGGGCCCCTAGCCTACGCTGCAGCCGGTGAGCTGGA 2800 

M I M I I I II I I M M M II II II I II II I II MINIM- 
1837 CGCGCAGGGGACTCAGGGCCCCTAGCCTATGCTGCGGCCGGGGAGCTGGA 1886 
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2801 GAAGAGCTCCTGCGACTCCACCCAAGCGCTGGTGGCTTTCTCAGATGTGG 2850 

MINIMUM M I I Mill M I M M II I II II M II I II 
1887 GAAGAGCTCCTGTGATTCTACCCAGGCCCTGGTAGCCTTCTCTGATGTGG 1936 

2851 ATCTTATTCTGGAAGCTTCTGAGGCTGGGCAGCCTCCTGGGCTAGAGACC 2900 

MM M I I II I M II M M I I M I II I I Ml M I I II I I M I M I 
1937 ATCTCATTCTGGAAGCTTCTGAAGCTGGGCGGCCCCCTGGGCTGGAGACC 1986 

2901 TATGGCTTCCCTTCAGTGACCCTCATCTCCCGACATCAGCCGGGGGCCAC 2950 

1 1 I 1 1 t I I I ! I M I I M II II Ml II III I II Mill MIMI I 
1987 TATGGCTTCCCCTCAGTGACCCTCATCTCCTGTCAGCAGCCAGGGGCCCC 2036 

2951 CAGGCTGGAGGGAAACCATTTTATAGAGTCTGATGGAACCAAGTTTGGGA 3000 

II I i I II M I II I II II I I II M I I II II I I I II II I II 
2037 CAGGCTGGAGGGCAGCCATTGTGTAGAGCCAGAGGGGAACCACTTTGGGA 2086 

3001 ACCCACAACCTCCCATGAAGGGAGAACTGCTGCTGAAGGCAGAGGGAGCC 3050 

II II II II I I I I I I 1 II I II II II M II II I I M N II II I I 

2087 ACCCCCAACCCTCCATGGATGGAGAACTGCTGCTGAGGGCAGAGGGATCT 2136 

3051 ACTTTGGCAGGCTGTGGCTCTTCCGTGGGT6GAGCCCTCTGGCCCTCTGG 
M . I II I I I I I II II I I II I II I I I I II II I M I 
..2137 AtGCCAGCAGGTGGAGGCTTGTCAGGGGGTGGCGGCTTTCAGCCCTCTGG 

3101 CTCTCTCTTTGCCTCTCACTTGT AAATATCCCT 

/II II II II II III II I II II II II M 

2187 CTTGGCCTTTGCTTCACACGTGTAAATATCCCTCCCCATTCTTCTCTTCC 

3134 . CTCTGTT . . - TGTC . . CTCTCCCCATC . . . CAATGATGGCTGCTTATAA 3174 

I II I I I III II I II I M M II II M II M I I M M I 
2237 CCTCTCTTCCCTTTCCTCTCTCCCCCTCGGTGAATGATGGCTGCTTCTAA 2286 

• . . . « 

317 5 AAGAAAGACAACTCCAAC TCCATAGCAAGATGGCCAAC 3212 

m iii iiiii mi ii mm mini i 

2287 AACAAATACAACCAAAACTCAGCAGTGTGATCTATAGCAGGATGGCCCAG 2336 

• a • s 

3213 ACCTCTGACTCCATTGTT . . . CTCTCTCCACGACCCCTAACCAATGAGTG 3259 

I III I I II I 11 I M M M M II I IIIII I III 

2337 TAC . CTGGCTCCACTGATCACCTCTCTCCTGTGACCATCACCAACGGGTG 2.385 . 

3260 CTTCCAAGTCTTGCTTTGTCTTGGCCT . . . TCAGCTTCACTTTCACCCTG 3306 

III 111 I M M M M 1 M I I I M I M M I I I I Ml 
2386 CCTCTTGGCCTGGCTTTCCCTTGGCCTTCCTCAGCTTCACCTTGATACTG 24 35 

• • • • ... 
3307 GGC . . CTTCTCTGTCCAATCCAATACTTCTGA . CAGAGGCCTGGGAAATT 3353 

Ml Nil INI M I M II I N M I II II II 
2436 GGCCTCTTCCTTGTCATGTCTGAAGCTGTGGACCAGAGACCTGGACTTT.T 2,485: 

3354 ... TGCATAGGAGAAAGGAGAAAAGCAAAAGACAGTGAAGGTTATTGGGC 34 00 ' 
• • II I ;M' K N M I.I I .III. M.I MINIUM IN • 

24 86 GTCTGCTTAAGGGAAATGAGGGAAG . TAAAGACAGTGAAG GGG . 2527 

3401 CCTGACAGAGCCATGATCAGTAAGTGCAGAGT . GATGGGGAGGTCTCACA 3449 

M I I 1 Mill II I II I M II INN II II II 
2528 . . TG . . . GAGGGTTGATC AGGGCACAGTGGACAGGGAGACCTCACA 2568. 

34 50 GAGCATGACACTGGAAGACAACTACCAAAGACATTGGAGAGTCTCCCCTG 34 99 

II I I I I I I I N II I I I I I I I I I I 
2569 GAGAAAGGC . CTGGAAGGTGATTTCC CGTGTGACTC 2603 
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3500 TGACATATAGAATATAAAATGTGTTCTGCGTTCCATTAATCTTGACCTAT 354 9 

t 1 I 1 I III I I I I I I I I I I I M I I II M I II II I I I IN 
2604 . .ATGGATAGGATACAAAATGTGTTCCATGTACCATTAATCTTGACATAT 2651 

3550 GCTGNGCCAAAGTGCTTCCTGTTAAAATACACTTTGGAAGACATTGAAAA 3599 

II : I I I I I I I I I I I I I I I I I I I I I I I I I II I II I I I I I 
2652 GCCATGCATAAAGACTTCCTATTAAAATAAGCTTTGGAAGAGATTAAAAA 2701 

3600 AAAAAAAAAAAAAAAAAAAAAAAAAAAAGGGCGGCCGC 3637 
I I I I II I I I I 

2702 AAAAAAAAAA 2711 
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GAP of: FrGcgManager_102_MTA0uXMaE check: 8470 from: 1 to: 968 
mLGR6.aa (analysis only) - Import - complete 

to: FrGcgManager_102_NTAf7nCl_ check: 5092 from: 1 to: 737 

corrected hLGR6.aa (analysis onl - Import - complete 

Symbol comparison table: /prod/ddm/seqanal/BLAST/matrix/aa/BLOSUM62 
CompCheck: 1102 
Matrix made by matblas from blosum62.iij 

Gap Weight: 12 Average Match: 2.778 

Length Weight: 4 Average Mismatch: -2.248 

Quality: 3424 Length: 968 

Ratio: 4.646 Gaps: 0 

Percent Similarity: 90.773 Percent Identity: 89.281 

.Hatch display thresholds for the alignment (s ) : 
: '■ . '.7 I ^IDENTITY 

:'- 2 
. - 1 

FrGcgManager_102_MTAOuXMaE x FrGcgManager_102_NTAf 7nCl_ 



201 IPDYAFQNLTSLWLHLHNNRIQHVGTHSFEGLHNLETLDLNYNELQEFP 250 MOUSE 

I I I I II I I I I ! I i . I I I I I 
1 GLHNLETLDLNYNKLQEFP 19 HUMAN 

251 LAI RTLG RLQELG FHNNN I KAI PEKAFMGNPLLQT I H F YDN P I QFVGRS A 300 

. I 1 1 1 I I I I I I 1 1 1 1 I I ( I I 1 1 1 1 II I II I I II 1 11 I II M 1 1 I 11 1 1 1 1 

20 VAIRTLGRLQELGFHNNNIKAI PEKAFMGNPLLQTIHFYDNPIQFVGRSA 69 

301 FQYLSKLHTLSLNGATDIQEFPDLKGTTSLEILTLTRAGIRLLPPGVCQQ 350 

I I I I I II II I I II I I I II I I II I I II I I II i I I I II I I I 1.1 I I vN I . 

70 FQYLPKLHTLSLNGAMDIQEFPDLKGTTSLEILTLTRAGIRLLPSGMCQQ 119 

351 LPRLRI LELS HNQI EELPSLHRCQKLEEI GLRHNR I KEI GADT FSQLGSL 400 ' 

II 111:111 I Ml MM 111 III I III Mll.lt II I illl Ill II II 

120 LPRLRVLELSHNQIEELPSLHRCQKLEEIGLQHNRIWEIGADTFSQLSSL 163 . . 

401 QALDLSWNAIRAIHPEAFSTLRSLVKLDLTDNQLTTLPLAGLGGLMHLKL 450 

II I 11 II II II • I I II II I I 1 I I I I I I I I I I I I I I I I I I I I I I I II III ' 
170 QALDLSWNAIRSIHPEAFSTLHSLVKLDLTDNQLTTLPLAGLGGLMHLKL. 219 

.' 451 KG NLALSQAFS KDS FPKLR I LEVP YA YQCCAYG I CAS FFKT SGQWQ AE D F 500 
I! II I 1 I I II II I I I I M I II r I I I I I II I I I • M I M I I I I I : I I I . 
220 KG NLALSQAFS KDS FPKLRI LEVP Y AY QCCPYGMC AS FFKASGQWEAEDL 269 

501 HPEEEEAPKRPLGLLAGQAENHYDLDLDELQMGTEDSKPNPSVQCSPVPG 550 

1 : : 1 I . I I I I I I I I I I II II I 111111= I I I I I . I I | | I I ( II 
27 0 HLDDEESSKRPLGLLARQAENHYDQDLDELQLEMEDSKPHPSVQCSPTPG 319 

551 PFKPCEHLFESWGIRLAVWAIVLLSVLCNGLVLLTVFASGPSPLSPVKLV 600 

I I M I I : I M I M I I I 1 I | I I || II I I I II I I I I II I I 11.11 III | 
320 PFKPCEYLFESWGIRLAVWAIVLLSVLCNGLVLLTVFAGGPAPLPPVKFV 369 
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601 VGAMAGANALTGISCGLLASVDALTYGQFAEYGARWESGLGCQATGFLAV 650 

III .III I I II If I I M I II 1 I I I : I I I . I I II I I I - I I II . i I I I I 1 I 
370 VGAIAGANTLTGISCGLLASVDALTFGQFSEYGARWETGLGCR^TGFLAV 419 

651 LGSEASVLLLTI^VQCSISVTCVRAYGKAPSPGSVRAGALGCLALAGLA 700 

II I I I II I I II I I I I II I : I I . I I I I II I • I I I I I I I I I I I II I I I I I 

420 LGSEASVLLLTLAAVQCSVSVSCVRAYGKSPSLGSVRAGVLGCLALAGLA 4 69 

701 AALPLASVGEYGASPLCLPYAPPEGRPAALGFAVALVMMNSLCFLVVAGA 750 

I I I I I I I I I II I I II I I I I I I I I I I - I I ! I I I I I I I I I I I I I II II I I 
470 AALPLASVGEYGAS PLCLPYAPPEGQPAALGFTVALVMMNS FC FLWAGA 519 

751 Y I KL YC DLPRG DFEAVWDCAMVRH VAWL I FADGLLYC PV AFLS FASMLGL 800 

I I I I I I I I I I I I I I I I I I I I I I I II I I I i I I I I I I i I I I I I I I I I I I I I I 
520 Y I KL YC DLPRG DFEAVWDCAMVRH VAWL I FADGLLYCPVAFLS FASMLGL 569 

801 FP VT PEAVKS VLL WL PLPACLN PLLYLLFN PH FRDDLRRLWPS PRS PG P 850 

I I I I I I I I II I I I I I I I I II II I I II I I I I I I I I I I I I I I I I II 
570 FPVTPEAVKSVLLWLPLPACLNPLLYLLFNPHFRDDLRRLRPRAGDSGP 619 

851 LA Y AAAGELEKS SCDSTQAL VAFS DVDL I LEAS EAGQ£PGLET YG FPS VT 900 
. J 11 M II I I I II 1 111 I I ft I I I I 1 I I I M I I I ! M. I ! I M I I I I I i I I 
. 620 LA YAAAG E LE KS SCDSTQAL VAFS DVDLI LEAS EAGRPPGLETYG FPS VT 669 

. 901 LlSRHQPGATRLEGNHFIESDGTKFGNPQPPMKGELLLKAEGATLAGCGS 950 

III I I I I I I I I . I : I : I 111 I I I I I I M I : I I I . I I I I 

670 LI SCQQPGAPRLEGSHCVEPEGNH FGNPQPSMDGELLLRAEGSTPAGGGL 719 

951 SVGGALWPSGSLFASHL* 968 

III III MM.! 
720 SGGGGFQPSGLAFASHV* 737 
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>15088 

> Fbh 150881 - Import - vector trimmed 

CCGCCSGCGGTGCAGCCCGCCGGGACCGGGAGGCGGCAGCTGCGGCCACCGCGCCGTGCG 

TCCGCGCCCGGCCGCCAGGTGCCCCAGTAGCCCGACCGCCGAGATGCCCAGCCCGCCGGG 

GCTCCGGGCGCTATGGCTTTGCGCCGCGCTGTGCGCTTCCCGGAGGGCCGGCGGCGCCCC 

CCAGCCCGGCCC^GGGCCCACCGCCTGCCCGGCCCCCTGCCACTGCCAGGAGGACGGCAT 

CATGCTGTCTGCCGACTGCTCTGAGCTCGGGCTGTCCGCCGTTCCGGGGGACCTGGACCC 

CCTGACGGCTTACCTGGACCTCAGCATGAACAACCTCAC^GAGCTrCAGCCTGGCCTCTT 

CCACCACCTGCGCTTCTTGGAGGAGCTGCGTCTCTCTGGGAACCATCTCTCACACATCCC 

AGGACAAGCATTCTCTGGTCTCTACAGCCTGAAAATCCTGATGCTGCAGAACAATCAGCT 

GGGAGGAATCCCCGCAGAGGCGCTGTGGGAGCTGCCGAGCCTGCAGTCGCTGCGCCTAGA 

TGCCAACCTCATCTCCCTGGTCCCGGAGAGGAGCTTTGAGGGGCTGTCCTCCCTCCGCCA 

CCTCTGGCTGGACGACAATGCACTCACGGAGATCCCTGTCAGGGCCCTCAACAACCTCCC 

TGCCCTGCAGGCCATGACCCTGGCCCTCAACCGCATCAGCCACATCCCCGACTACGCGTT 

CCAGAATCTCACCAGCCTTGTGGTGCTGCATTTGCATAACAACCGCATCCAGCATCTGGG 

GACCCACAGCTTCGAGGGGCTGCACAATCTGGAGACACTAGACCTGAATTATAACAAGCT 

GCAGGAGTTCCCTGTGGCCATCCGGACCCTGGGCAGACTGCAGGAACTGGGGTTCCATAA 

CAACAACATCAAGGCCATCCCAGAAAAGGCCTTCATGGGGAACCCTCTGCTACAGACGAT 

ACACTTTTATGATAACCCAATCCAGTTTGTGGGAAGATCGGCATTCCAGTACCTGCCTAA 

ACTCCACACACTATCTCTGAATGGTGCCATGGACATCCAGGAGTTTCCAGATCTCAAAGG 

CACCACCAGCCTGGAGATCCTGACCCTGACCCGCGCAGGCATCCGGCTGCTCCCATCGGG 

GATGTGCCAACAGCTGCCCAGGCTCCGAGTCCTGGAACTGTCTCACAATCAAATTGAGGA 

gctgcccagcctgcacaggtgtcagaaattggaggaaatcggcctccaacacaaccgcat 

ctgggaaattggagctgacaccttcagccagctgagctccctgcaagccctggatcttag 

ctggaacgccatccggtccatccaccctgaggccttctccaccctgcactccctggtcaa 

gctggacctgacagacmccagctgaccacactgcccctggctggacttgggggcttgat 

gc^tcn*gaagctgaaagggaaccttgctctctccc^ggccrrtctccaaggacagtttccc 

aaaactgaggaTgctggaggtgccttatgcctaccagtgctgtccctatgggatgtgtgc 

cagcttcttcaaggcctctgggcagtgggaggctgaagaccttcaccttgatgatgagga 

gtcttcaaaaaggcccctgggcctccttgccagacaagcagagaaccactatgaccagga 

CCTGGATGAGCTCCAGCTGGAGATGGAGGACTCAAAGCCACACCCCAGTGTCCAGTGTAG 

CCCTAC7CCAGGCCCCTTCAAGCCCTGTGAGTACCTCTTTGAAAGCTGGGGCATCCGCCT 

GGCCGTGTGGGCCATCGTGTTGCTCTCCGTGCTCTGCAATGGACTGGTGCTGCTGACCGT 

GTTCGCTGGCGGGCCTGCCCC(XTGCCCXiCGGTCAAGTTTGTGGTAGGTGCGATTGCAGG 

CGCCAACACCnTGACTGGCATTTCCTGTGGCCTTCTAGCCTCAGTCGATGCCCTGACCTT 

TGGTCAGTTCTCTGAGTACGGAGCCCGCTGGGAGACGGGGCTAGGCTGCCGGGCCACTGG 

CTTCXTGGCAGTACTTGGGTCGGAGGCATCGGTGCTGCTGCTCACTCTGGCCGCAGTGCA 

GTGCAGCGTCTCCGTCTCCTGTGTCCGGGCCTATGGGAAGTCCCCCTCCCTGGGCAGCGT 

TCGAGCAGGGGTCCTAGGCTGCCTGGCACTGGCAGGGCTGGCCGCCGCACTGCCeCTGGC 

CTCAGTGGGAGAATACGGGGCCTCCCCACTCTGCCTGCCCTACGCGCCACCTGAGGGTCA 

GCCAGC^GCCCTGGGCTTCACXGTGGCXXiTGGTGATGATGAACTCCTTCTGTTTCCTGGT 

CGTGGCCGGTGCCTACATCAAACTGTACTGTGACCTGCCGCGGGGCGACTTTGAGGCCGT 

GTGGGACTGCGCCATGGTGAGGCACGTGGCCTGGCTCATCTTCGCAGACGGGCTCCTCTA 

CTGTCCCGTGGCCTTCCTCAGCTTCGCCTCCATGCTGGGCCTCTTCCCTGTCACGCCCGA 

GGCCGTCAAGTCTGTCCTGCTGGTGGTGCTGCCCCTGCCTGCCTGCCTCAACCCACTGCT 

GTACCTGCTCTTCAACCCCCACTTCCGGGATGACCTTCGGCGGCTTCGGCCCCGCGCAGG 

GGACTCAGGGCCCCTAGCCTATGCTGCGGCCGGGGAGCTGGAGAAGAGCTCCTGTGATTC 

TACCCAGGCCCTGGTAGCCTTCTCTGATGTGGATCTCATTCTGGAAGCTTCTGAAGCTGG 

GCGGCX^CCCTGGGCTGGAGACCTATGGCTTCCCCTCAGTGACCCTCATCTCCTGTCAGCA 

GCCAGGGGCCCCCAGGCTGGAGGGCAGCCATTGTGTAGAGCCAGAGGGGAACCACTTTGG 

GAACCCCCAACCCTCCATGGATGGAGAACTGCTGCTGAGGGCAGAGGGATCTACGCCAGC 

AGGTGGAGGCTTGTWGGGGGTGGCGGCTTTCAGCCCTCTGGCTTGGCCTTTGCTTCACA 

CGTGTAAATATCCCTCCCCATTCnCTCTO 

GGTGAATGATGGCTGCTTCTAAAACAAATACAACCAAAACTCAGCAGTGTGATCTATAGC 

AGGATGGCCCAGTACCTGGCTCCACTGATCACCTCTCTCCTGTGACCATCACCAACGGGT 

GCCTCTTGGCCTGGCTTTCCCTTGGCCTTCCTCAGCTTCACC7TGATACTGGGCCTCTTC 

CTTGTCATGTCTGAAGCTGTGGACCARAGACCTGGACTTTTGTCTGCTTAAGGGAAATGA 

GGGAAGTAAAGACAGTGAAGGGGTGGAGGGTTGATCAGGGCACAGTGGACAGGGAGACCT 

GACARAAAAAGGCCTGGAAGGKGATTTCCCGTGTGACTCATGGRTAGGAWACAAAATGTG 

TTCC^TGTACCATTAATCTT(3ACATATGCCATGCATAAARACrrTCCTATTAAAATAAGCT 

TTGG RAGAGATT 



FIGURE 14 



28/31 



WO 01/85768 



PCT/US01/15002 



>15088 

MPSPPGLRALVVLCAALCASRRAGGAPQPGPGPTACPAPCHCQEDGIMLSADCSELGLSAVPGDLDPLTAYLDLSMNNLT 
ELQPGLFHHLRFLEEU^LSGNHLSHIPGQAFSGLYSLKILMLQNNQLGGIPAEALWELPSLQSLRLDANLISLVPERSFEGLS 
SlRHLWLDDNALTEIPVRALNNLPALQAMTl^NRISHIPDYAFQNLTSLWLHLHNNRIQHLGTH 

LQEFPVAIRTLGRLQELGFHNNNIKAIPEKAFMGNPLLQTIHFYONPIQFVGRSAFQYUPKLHTLSLNGAMDIQEFPDLKGTT 

SL£ILTLTRAGIRLLPSGMCQQLPRLJIVLELSHNQIEELPSIJ^^ 

SIHPEAFSTWSLVKU)LTDNQLTnj>LAGLGGLM^^ 

QWEAEDLHLDDEESSKRPLGLI^RQAENHYDQDLDELQLEMEDSKPHPSVQCSPTPGPFKPCEYLFESWGIRIAVWAIVL 
LSVlCNGLVLlT\/FAGGPAPLPPVKFWGAIAGA^^^LTGISCGL^ 

ASVLLLTl^VQCSVSVSCVRAYGKSPSLGSVRAGVLGCLALAGUWU-PLASVGEYGASPLCLPYAPPEGQPAALGFTVA 
LVMMNSFCFLWAGAYIKLYCOLPRGDFEAW^AMVRHVAV\^IFADGLLYCPVAFLSFASMLGLFP\nrPEAVKSVLLm 
PLPACLNPLLYLLFNPHFRDDLRRLRPRAGDSGPLAYAAAGELEKSSCDSTQALVAFSDVDLILEASEAGRPPGLETYGFP 
SVTLISCQQPGAPRLEGSHCVEPEGNHFGNPQPSMDGELLLRAEGSTPAGGGLSGGGGFQPSGLAFASHV 



FIGURE 15 



29/31 



WO 01/85768 



PCT/US01/15002 



protein alignment between mouse and human 
> LGR6 . 

15088m (analysis only) - Import - complete 

to: FrGcgManager_9_QBAsD4iW_ check: 8 637 from: 1 to: 968 
15088h (analysis only) - Import - complete 

Symbol comparison table: /prod/ddm/seqanal/BLAST/matrix/aa/BLOSUM62 
CompCheck: 1102 
Matrix made by matblas from blosum62.iij 

Gap Weight: 12 Average Match: 2.778 

Length Weight: 4 Average Mismatch: -2.248 

Quality: 4 4 95 Length: 968 

Ratio: 4.653 Gaps: 2 

Percent Similarity: 91.097 Percent Identity: 89.855 

Match display thresholds for the alignment (s) : 
| - IDENTITY 

: « 2 . 
\ = 1 

FrGcgManager_9_PBA0KgkFJ x FrGcgManager_9_QBAsD4iW_ March 15, 19101 15:24 



1 MHSPPGLLALWLCAVXCASARGGSDPQPGPGRPACPAPCHCQEDGIMLSA 50 Mouse 

I 1 1 1 1 1 1 1 1 1 1 1 1 1 i I I I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i i J 1 1 1 

1 MPSPPGLRALWLCAALCASRRAGGAPQPGPGPTACPAPCHCQEDGIMLSA 50 Human 

• • • • * 

51 DCSELGLSWPADLDPLTAYLDLSMNNLTELQPGLFHHLRFLEELRLSGN 100 

MINIM i I I I ! I I I I I I I I I! I I I 1 i I I I I t I t I I I M M I I I I 1 I 
51 DCSELGLSAVPGDLDPLTAYLDLSMNNLTELQPGIiFHHLRFLEELRLSGN 100 

101 HLSRIPGQAFSGLHSLKILMLQSNQLRGIPAEALWELPSLQSLRLDANLI 150 

IMIIIMI I I IMM I M IIMII1 1 1 I M 1 1 1 1 I I 1 1 1 M I I I I 1 1 1 
101 HLSHIPGQAFSGLYSLKILMLQNNQLGGIPAEALWELPSLQSLRLDANLI 150 

151 SLVPERSFEGLSSLRHLWLDDNALTEIPVRALNNLPALQAMTLALNHIRH 200. 

M I M M U I M M M I M M M I U M M M M M U M M M M I 1 . . 
151 SLVPERSFEGLSSLRHLWLDDNALTEIPVRALNNLPALQAMTLALNRISH 200 

201 IPDYAFQNLTSLWLHLHNNRIQHVGTHSFEGLHNLETLDLNYNELQEFP • 250 • 

IIMMM MM Mill illl Mt. MM I MINI! 1 1 1 I I I • I I I I I 
201 IPDYAFQNIiTSLVVLHLHNNRIQHLGTHNFEGLHNLEPLDLNYNKLQEFP 250 

...... 

251 LAIRTLGRLQELGFHNNNIKAIPEKAFMGNPLLQTIHFYDNPIQFVGRSA 300 ■ ' 

- 1 1 1 1 II I 1 1 1 1 1 1 II I H 1 1 M 1 1 M I II 1 1 11 11.1 H 1 n-ll 1 ! I 1 I I 
'251 VAIRTLGRLQELGFHNNNIKAIPEKAFMGNPLLQTIHFYDNPIQFVGRSA 300 

301 FQYLSKLHTLSLNGATDIQEFPDLKGTTSLEILTLTRAGIRLIiPPGVCQQ 350- 

MM M II II M M II M I M I 11 I M 1 M I M II I I 1. 1 M I MIM 
301 FQYLPKLHTLSLNGAMDIQEFPDLKGTTSLEILTLTRAG1RLLPSGMCQQ 350 
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351 LPRLRILELSHNQIEELPSLHRCQKLEEIGLRHNRIKEIGADTFSQLGSL 400 

I II I I : I I II I I I I I I I I I I I I I II I I I I II . I I I I I I 1 II I I I I I II 
351 LPRLRVLELSHNQIEELPSLHRCQKLEEIGLQHNRIWEIGADTFSQLSSL 400 

401 QALDLSWNAIRAIHPEAFSTLRSLVKLDLTDNQLTTLPLAGLGGLMHLKL 4 50 

I I I I I I I I I I I . I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

401 QALDLSWNAIRSIHPEAFSTLHSLVKLDLTDNQLTTLPLAGLGGLMHLKL 4 50 

■ • • ■ « 

4 51 KGNLALSQAFSKDSFPKLRILEVPYAYQCCAYGICASFFKTSGQWQAEDF 500 

II I I I I I I I I I I I I I I I I I I I I I I I I I I I I II . I I I I I ! 1111:111 

451 KGNLALSQAFSKDS FPKLRI LEVPYAYQCCPYGMCASFFKASGQWEAEDL 500 

501 HPEEEEAPKRPLGLLAGQAENHYDLDLDELQMGTEDSKPNPSVQCSPVPG 550 

I ::||. Ill ii Ml It'll II MINI: Mill. Ill I III II 
501 ri LDDEES S KRPLGLLARQAENH YDQDLDELQLEMEDSKPH PS VQCS PT FG 550 

551 PFKPCEHLFESWGIRLAVWAIVLLSVLCNG . VLLTVFASGPSPLSP . KLV 598 

M I I I I : I II I I I II I I I I II I I I I I I I I I MIMII II. II I I I 
551 PFKPCEYLFESWGIRLAVWAIVLLSVLCNGLVLLTVFAGGPAPLPPVKFV 600 

599 VGAMAGANALTGI SCGLLASVDALTYGQFAEYGARWESGLGCQATG FLAV 648 

I I I . I I I I I I I I I I I I I I 1 I I I I I : I II . I I I \'\ I I . I I I I . II I I I I I 
601 VGAIAGANTLTGISCGLLASVDALTFGQFSEYGARWETGLGCRATGFLAV 650 

64 9 LGSEASVLLLTLAAVQCSISVTCVRAYGKAPSPGSVRAGALGCLALAGLA 698 

IIIIIMIMIMIIMMir.MIIIII.il I M I II II II I II I I I 
651 LGSEASVLLLTLAAVQCSVSVSCVRAYGKSPSLGSVRAGVLGCLALAGLA 700 

699 AAL PLAS VGE YGAS PLCL P YA P PEGR PAALG FAVAL VMMNS LC FL WAG A 74 8 

I I I I II I I II I II II II I II I II I I. I I I I I I I I II I I I I I II I M II 
701 AAL PLAS VGE YGAS PLCL P YAP PEGQPAALGFTVAL VMMNS FCFLWAGA 7 50 

74 9 YIKLYCDLPRGDFEAVWDCAMVRHVAWLIFADGLLYCPVAFLSFASMLGL 798 

I I I I M I I II II I I I II II I I I M I I I I I I I I I I II M I I II I II II I M 
751 YIKLYCDLPRGDFEAVWDCAMVRHVAWLIFADGLLYCPVAFLSFASMLGL 800 

799 FPVTPEAVKSVLLVVLPLPACLNPLLYLLFNPHFRDDLRRLWPSPRSPGP 84 8 

I I I II I II II I II II II II I I II I I II II I I I I I II I II I I I II 
801 FPVTPEAVKSVLLVVLPLPACLNPLLYLLFNPHFRDDLRRLRPRAGDSGP 850 

84 9 LA YAAAG ELE KS S C DSTQALVAFS D VDLI LEAS EAGQ P PGLET YG F P S VT 898 

I I 1 1 M M I II II II M I I I I I II I I I i II I I II II . II 1 1 I II II II I I 
851 LAYAAAGEliEKSSCDSTQALVAFSDVDLILEASEAGRPPGLETYGFPSVT 900 

899 LISRHQPGATRLEGNHFIESDGTKFGNPQPPMKGELLLKAEGATLAGCGS 948 

III MM MM.) : I : I I I I I I I I II II I M II . I II I 

901 LISCQQPGAPRLEGSHCVEPEGNHFGNPQPSMDGELLLRAEGSTPAGGGL 950 

94 9 SVGGALWPSGSLFASHL* 966 

I I I I II I II I . I 
951 SGGGGFQPSGLAFASHV* 968 
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SEQUENCE LISTING 

<110> Gu, Wei 

<120> NOVEL G- PROTEIN COUPLED RECEPTORS AND USES THEREFOR 

<130> MNI-080CPPC 

<140> 
<141> 

<150> 09/556,588 
<151> 2000-05-08 

<150> 60/132,896 
<151> 1999-05-06 

<160> 12 

<170> Patentln Ver. 2.0 

<210> 1 

<211> 3637 

<212> DNA 

<213> Mus musculus 

<220> 
<221> CDS 

<222> (222) . . (3122) 
<220> 

<221> misc_f eature 
<222> (3554) 

<223> n = any nucleotide 
<400> 1 

gtcgacccac gcgtccgcac tcaacaatgc ctgcccctct ctgactgcac cgtcccgccg 60 

ccgctgccgc cgccgcgccc aagccaagtc gagcgggggc gttgcccacc gacggcacag 120 

cccttgggcc cgcccgggac caggaggtga gccgcgcgcg cacagctccg tgcgctcgcc 180 

cgtctgagcg cccgccaggt gccccgcagc ccgccgccga g atg cac age ccg cct 236. 

Met His Ser Pro Pro 
1 5 

ggg etc ctg gcg ctg tgg ctt tgc get gtg ctg tgc gca teg gcg cgc 284 
Gly Leu Leu Ala Leu Trp Leu Cys Ala Val Leu Cys Ala Ser Ala Arg 
10 15 20 

ggg ggc age gac ccc cag cct ggc ccg ggg cgt ccc gee tgc ccg get 332 
Gly Gly Ser Asp Pro Gin Pro Gly Pro Gly Arg Pro Ala Cys Pro Ala 
25 30 35 



ccc tgc cac tgc cag gag gac ggc ate atg ctg tec get gac tgc tec 
Pro Cys His Cys Gin Glu Asp Gly lie Met Leu Ser Ala Asp Cys Ser 
40 45 50 
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gag etc ggg etc tea gtg gtg cct gcg gac ctg gac ccc ctg acg get 428 
Glu Leu Gly Leu Ser Val Val Pro Ala Asp Leu Asp Pro Leu Thr Ala 
55 60 65 

tac eta gac etc agt atg aac aac etc acg gag ctt cag ccg ggt etc 476 
Tyr Leu Asp Leu Ser Met Asn Asn Leu Thr Glu Leu Gin Pro Gly Leu 
70 75 80 85 

ttc cac cac ctg cgc ttc ctg gag gag ctg egg etc tea ggg aac cac 524 
Phe His His Leu Arg Phe Leu Glu Glu Leu Arg Leu Ser Gly Asn His 
90 95 100 

etc tea cac ate ccg gga cag gca ttc tec ggc etc cac age etc aaa 572 
Leu Ser His lie Pro Gly Gin Ala Phe Ser Gly Leu His Ser Leu Lys 
105 110 115 

att eta atg ctg cag age aac cag etc cgt ggg ate cca gca gag gca 620 
lie Leu Met Leu Gin Ser Asn Gin Leu Arg Gly lie Pro Ala Glu Ala 
120 125 , 130 

eta tgg gag ctg ccc age ctg cag teg ctg cgc eta gat get aat etc 668 
Leu Trp Glu Leu Pro Ser Leu Gin Ser Leu Arg Leu Asp Ala Asn Leu 
135 140 145 

ate tec ctg gtc cct gag aga age ttt gag ggg etc tec tec etc cgc 716 
lie Ser Leu Val Pro Glu Arg Ser Phe Glu Gly Leu Ser Ser Leu Arg 
150 155 160 165 

cac etc tgg ctg gat gac aat gca etc act gag ate ccc gtc aga get 764 
His Leu Trp Leu Asp Asp Asn Ala Leu Thr Glu lie Pro Val Arg Ala 
170 175 180 

etc aac aac ctt cct gee eta cag gec atg acc ttg get etc aac cat 812 
Leu Asn Asn Leu Pro Ala Leu Gin Ala Met Thr Leu Ala Leu Asn His 
185 190 195 

ate cgc cac ate cct gac tat gee ttc cag aac etc acc agt ctt gtg 860 
lie Arg His He Pro Asp Tyr Ala Phe Gin Asn Leu Thr Ser Leu Val 
200 205 210 

gtg ctg cat eta cat aac aac cgc ate cag cat gtg ggg acc cac age 908 
Val Leu His Leu His Asn Asn Arg He Gin His Val Gly Thr His Ser 
215 220 225 

ttc gag ggg ctg cac aat ctg gag aca eta gac ctg aac tat aat gag 956 
Phe Glu Gly Leu His Asn Leu Glu Thr Leu Asp Leu Asn Tyr Asn Glu 
230 235 240 245 

ctg cag gag ttc ccc ttg get ate egg acc ctg ggc agg ctg cag gaa 1004 
Leu Gin Glu Phe Pro Leu Ala He Arg Thr Leu Gly Arg Leu Gin Glu 
250 255 260 

ttg ggt ttc cat aac aac aac ate aag get ate cca gag aaa gee ttc 1052 
Leu Gly Phe His Asn Asn Asn He Lys Ala He Pro Glu Lys Ala Phe 
265 270 275 
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atg ggc aac cct etc ctg cag aca ata cat ttt tat gac aac cca ate 1100 
Met Gly Asn Pro Leu Leu Gin Thr lie His Phe Tyr Asp Asn Pro He 
280 285 290 

cag ttt gtg gga agg tea gca ttc cag tac ctg tct aaa ctg cat acg 1148 
Gin Phe Val Gly Arg Ser Ala Phe Gin Tyr Leu Ser Lys Leu His Thr 
295 300 305 

eta tct ttg aat ggt gee act gat ate caa gag ttc cca gac etc aaa 1196 
Leu Ser Leu Asn Gly Ala Thr Asp He Gin Glu Phe Pro Asp Leu Lys 
310 315 320 325 

ggc ace act age ctg gag ate ctg ace ctg acc cgt gcg ggc ate aga 1244 
Gly Thr Thr Ser Leu Glu He Leu Thr Leu Thr Arg Ala Gly He Arg 
330 335 340 

ctg etc cca ccg gga gtg tgc caa cag ctg cct agg etc cga ate ctg 1292 
Leu Leu Pro Pro Gly Val Cys Gin Gin Leu Pro Arg Leu Arg He Leu 
345 350 355 

gag ctg tct cat aat cag ate gag gag tta ccc age ctg cac aga tgt 1340 
Glu Leu Ser His Asn Gin He Glu Glu Leu Pro Ser Leu His Arg Cys 
360 365 370 

cag aag ctg gag gaa att ggc etc cga cat aac agg ate aag gaa att 1388 
Gin Lys Leu Glu Glu He Gly Leu Arg His Asn Arg He Lys Glu He 
375 380 385 

ggt gca gat acc ttc age cag ctg ggc tec ttg caa get tta gac ctg 143 6 
Gly Ala Asp Thr Phe Ser Gin Leu Gly Ser Leu Gin Ala Leu Asp Leu 
390 395 400 405 

agt tgg aat gec ate cgt gee ate cac cct gag get ttc tea acc ctt 1484 
Ser Trp Asn Ala He Arg Ala He His Pro Glu Ala Phe Ser Thr Leu 
410 415 420 

cga tec ttg gtt aag ctg gac ctg act gac aac cag ctg acc aca ctg 1532 
Arg Ser Leu Val Lys Leu Asp Leu Thr Asp Asn Gin Leu Thr Thr Leu 
425 430 435 

ccc ctg get ggg ctg gga ggc ctg atg cac ctg aag etc aaa ggg aac 1580 
Pro Leu Ala Gly Leu Gly Gly Leu Met His Leu Lys Leu Lys Gly Asn 
440 445 450 

ttg gee ctg tct cag gee ttc tec aag gac agt ttc cca aaa ctg agg 1628 
Leu Ala Leu Ser Gin Ala Phe Ser Lys Asp Ser Phe Pro Lys Leu Arg 
455 460 465 

ate ctg gag gtg ccc tac gee tac cag tgc tgt gee tac ggc ate tgt 1676 
He Leu Glu Val Pro Tyr Ala Tyr Gin Cys Cys Ala Tyr Gly He Cys 
470 475 480 485 

gec age ttc ttc aag acc tct ggg cag tgg cag gee gag gac ttt cat 1724 
Ala Ser Phe Phe Lys Thr Ser Gly Gin Trp Gin Ala Glu Asp Phe His 
490 495 500 



cca gaa gaa gag gag gca cca aag agg ccc ctg ggt etc ctt get gga 
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Pro Glu Glu Gl\i Glu Ala Pro Lys Arg Pro Leu Gly Leu Leu Ala Gly 
505 510 515 

caa get gag aac cac tat gac eta gac ctg gat gag etc cag atg ggg 1820 
Gin Ala Glu Asn His Tyr Asp Leu Asp Leu Asp Glu Leu Gin Met Gly 
520 525 530 

aca gag gac tea aag cca aac ccc agt gtc cag tgc age cct gtt cca 1868 
Thr Glu Asp Ser Lys Pro Asn Pro Ser Val Gin Cys Ser Pro Val Pro 
535 540 545 

ggc ccc ttc aag ccc tgc gag cac etc ttt gag age tgg ggc ate cgc 1916 
Gly Pro Phe Lys Pro Cys Glu His Leu Phe Glu Ser Trp Gly lie Arg 
550 555 560 565 

ctt get gtg tgg gee ate gtg ctg etc tec gta etc tgt aac ggg ctg 1964 
Leu Ala Val Trp Ala He Val Leu Leu Ser Val Leu Cys Asn Gly Leu 
570 575 580 

gtg ctg ctg aca gtc ttt gee age gga ccc age ccg ctg tec ccc gtc 2012 
Val Leu Leu Thr Val Phe Ala Ser Gly Pro Ser Pro Leu Ser Pro Val 
585 590 595 

aag ctt gtg gtg ggt gcg atg gca ggc gec aac gee ctg acg ggc att 2060 
Lys Leu Val Val Gly Ala Met Ala Gly Ala Asn Ala Leu Thr Gly He 
600 605 610 

tec tgt ggt etc ctg gec tct gtg gac gec ttg acc tat ggt cag ttc 2108 
Ser Cys Gly Leu Leu Ala Ser Val Asp Ala Leu Thr Tyr Gly Gin Phe 
615 620 625 

get gag tat gga gee cgc tgg gag age ggt ctg ggc tgc cag get acg 2156 
Ala Glu Tyr Gly Ala Arg Trp Glu Ser Gly Leu Gly Cys Gin Ala Thr 
630 635 640 645 

ggc ttc ctg get gtc ctg ggt tea gag gcg teg gtg ctg ctg etc aca 2204 
Gly Phe Leu Ala Val Leu Gly Ser Glu Ala Ser Val Leu Leu Leu Thr 
650 655 660 

ctg gcg gec gtg cag tgc age ate tct gtg acc tgc gtc cga gec tac 2252 
Leu Ala Ala Val Gin Cys Ser He Ser Val Thr Cys Val Arg Ala Tyr 
665 670 675 

ggg aag gcg ccg teg cct ggc age gtc cgc gca ggc gca ctg gga tgc 2300 
Gly Lys Ala Pro Ser Pro Gly Ser Val Arg Ala Gly Ala Leu Gly Cys 
680 685 690 

ctg gcg ctg gee ggg ctg gee gca gca ctg ccg ctg gee teg gtg gga 2348 
Leu Ala Leu Ala Gly Leu Ala Ala Ala Leu Pro Leu Ala Ser Val Gly 
695 700 705 

gag tat ggc gee tec cca etc tgc ctg ccc tac gee cca ccc gag ggc 2396 
Glu Tyr Gly Ala Ser Pro Leu Cys Leu Pro Tyr Ala Pro Pro Glu Gly 
710 715 720 725 

egg ccg gee gec ctg ggc ttc get gta gec ctg gtg atg atg aac teg 2444 
Arg Pro Ala Ala Leu Gly Phe Ala Val Ala Leu Val Met Met Asn Ser 
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730 735 740 

etc tgc ttc ctg gtg gtg gec ggc gec tac ate aag etc tac tgt gac 2492 
Leu Cys Phe Leu Val Val Ala Gly Ala Tyr lie Lys Leu Tyr Cys Asp 
745 750 755 

ctg cca egg ggt gac ttt gag gec gtg tgg gac tgc gee atg gtg cgc 2540 
Leu Pro Arg Gly Asp Phe Glu Ala Val Trp Asp Cys Ala Met Val Arg 
760 765 770 

cac gtg gee tgg etc ate ttt gca gat ggc etc etc tac tgc ccc gtg 2588 
His Val Ala Trp Leu lie Phe Ala Asp Gly Leu Leu Tyr Cys Pro Val 
775 780 785 

gee ttc etc age ttt gee tec atg ctg ggc etc ttc cct gtc ace ccc 2 636 
Ala Phe Leu Ser Phe Ala Ser Met Leu Gly Leu Phe Pro Val Thr Pro 
790 795 800 805 

gag get gtc aag tea gtc ctt ctg gtg gtg ctg cct ctg cct gee tgc 2684 
Glu Ala Val Lys Ser Val Leu Leu Val Val Leu Pro Leu Pro Ala Cys 
810 815 820 

etc aac cca ctg etc tac ctg etc ttc aac cct cac ttc egg gat gac 2732 
Leu Asn Pro Leu Leu Tyr Leu Leu Phe Asn Pro His Phe Arg Asp Asp 
825 830 835 

ctt egg egg etc tgg cca age cct egg tec cca ggg ccc eta gec tac 2780 
Leu Arg Arg Leu Trp Pro Ser Pro Arg Ser Pro Gly Pro Leu Ala Tyr 
840 845 850 

get gca gec ggt gag ctg gag aag age tec tgc gac tec acc caa gcg 2828 
Ala Ala Ala Gly Glu Leu Glu Lys Ser Ser Cys Asp Ser Thr Gin Ala 
855 860 865 

ctg gtg get ttc tea gat gtg gat ctt att ctg gaa get tct gag get 2876 
Leu Val Ala Phe Ser Asp Val Asp Leu lie Leu Glu Ala Ser Glu Ala 
870 875 880 885 

ggg cag cct cct ggg eta gag acc tat ggc ttc cct tea gtg acc etc 2924 
Gly Gin Pro Pro Gly Leu Glu Thr Tyr Gly Phe Pro Ser Val Thr Leu 
890 895 900 

ate tec cga cat cag ccg ggg gee acc agg ctg gag gga aac cat ttt 2972 
lie Ser Arg His Gin Pro Gly Ala Thr Arg Leu Glu Gly Asn His Phe 
905 910 915 

ata gag tct gat gga acc aag ttt ggg aac cca caa cct ccc atg aag 3020 
He Glu Ser Asp Gly Thr Lys Phe Gly Asn Pro Gin Pro Pro Met Lys 
920 925 930 

gga gaa ctg ctg ctg aag gca gag gga gec act ttg gca ggc tgt ggc 3068 
Gly Glu Leu Leu Leu Lys Ala Glu Gly Ala Thr Leu Ala Gly Cys Gly 
935 940 945 

tct tec gtg ggt gga gee etc tgg ccc tct ggc tct etc ttt gee tct 3116 
Ser Ser Val Gly Gly Ala Leu Trp Pro Ser Gly Ser Leu Phe Ala Ser 
950 955 960 965 
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cac ttg taaatatccc tctctgtttg tcctctcccc atccaatgat ggctgcttat 3172 
His Leu 



aaaagaaaga 


caactccaac 


tccatagcaa gatggccaac 


acctctgact ccattgttct 




ctctccacga 


cccctaacca 


atgagtgctt 


ccaagtcttg 


ctttgtcttg gccttcagct 


3292 


tcactttcac 


cctgggcctt 


ctctgtccaa 


tccaatactt 


ctgacagagg cctgggaaat 


3352 


ttgcatagga 


gaaaggagaa 


aagcaaaaga 


cagtgaaggt 


tattgggccc tgacagagcc 


3412 


atgatcagta 


agtgcagagt 


gatggggagg 


tctcacagag 


catgacactg gaagacaact 


3472 


accaaagaca 


ttggagagtc 


tcccctgtga 


catatagaat 


ataaaatgtg ttctgcgttc 


3532 


cattaatctt 


gacctatgct 


gngccaaagt 


gcttcctgtt 


aaaatacact ttggaagaca 


3592 


ttgaaaaaaa 


aaaaaaaaaa 


aaaaaaaaaa 


aaaaagggcg 


gccgc 


3637 



<210> 2 

<211> 967 

<212> PRT 

<213> Mus musculus 

<400> 2 

Met His Ser Pro Pro Gly Leu 
1 5 

Cys Ala Ser Ala Arg Gly Gly 
20 

Pro Ala Cys Pro Ala Pro Cys 
35 

Ser Ala Asp Cys Ser Glu Leu 
50 55 

Asp Pro Leu Thr Ala Tyr Leu 
65 70 

Leu Gin Pro Gly Leu Phe His 
85 

Leu Ser Gly Asn His Leu Ser 
100 

Leu His Ser Leu Lys lie Leu 
115 

He Pro Ala Glu Ala Leu Trp 
130 135 

Leu Asp Ala Asn Leu He Ser 
145 150 



Leu Ala Leu Trp Leu Cys Ala Val Leu 
10 15 

Ser Asp Pro Gin Pro Gly Pro Gly Arg 
25 30 

His Cys Gin Glu Asp Gly He Met Leu 
40 45 

Gly Leu Ser Val Val Pro Ala Asp Leu 
60 

Asp Leu Ser Met Asn Asn Leu Thr Glu 
75 80 

His Leu Arg Phe Leu Glu Glu Leu Arg 
90 95 

His He Pro Gly Gin Ala Phe Ser Gly 
105 110 

Met Leu Gin Ser Asn Gin Leu Arg Gly 
120 125 

Glu Leu Pro Ser Leu Gin Ser Leu Arg 
140 



Leu Val Pro Glu Arg Ser Phe Glu Gly 
155 160 



i 
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Leu Ser Ser Leu Arg His 
165 

lie Pro Val Arg Ala Leu 
180 

Leu Ala Leu Asn His He 
195 

Leu Thr Ser Leu Val Val 
210 

Val Gly Thr His Ser Phe 
225 230 

Leu Asn Tyr Asn Glu Leu 
245 



Leu Trp Leu Asp Asp Asn Ala 
170 

Asn Asn Leu Pro Ala Leu Gin 
185 

Arg His He Pro Asp Tyr Ala 
200 205 

Leu His Leu His Asn Asn Arg 
215 220 

Glu Gly Leu His Asn Leu Glu 
235 

Gin Glu Phe Pro Leu Ala He 
250 



Gly Arg Leu Gin Glu Leu Gly Phe His Asn Asn Asn He 
260 265 

Pro Glu Lys Ala Phe Met Gly Asn Pro Leu Leu Gin Thr 
275 280 285 

Tyr Asp Asn Pro He Gin Phe Val Gly Arg Ser Ala Phe 
290 295 300 

Ser Lys Leu His Thr Leu Ser Leu Asn Gly Ala Thr Asp 
305 310 315 

Phe Pro Asp Leu Lys Gly Thr Thr Ser Leu Glu He Leu 
325 330 

Arg Ala Gly He Arg Leu Leu Pro Pro Gly Val Cys Gin 
340 345 

Arg Leu Arg He Leu Glu Leu Ser His Asn Gin He Glu 
355 360 365 

Ser Leu His Arg Cys Gin Lys Leu Glu Glu He Gly Leu 
370 375 380 

Arg He Lys Glu He Gly Ala Asp Thr Phe Ser Gin Leu 
385 390 395 



Gin Ala Leu Asp Leu Ser Trp Asn Ala He Arg Ala He 
405 410 



Ala Phe Ser Thr Leu Arg 
420 

Gin Leu Thr Thr Leu Pro 
435 

Lys Leu Lys Gly Asn Leu 
450 



Ser Leu Val Lys Leu Asp Leu 
425 

Leu Ala Gly Leu Gly Gly Leu 
440 445 

Ala Leu Ser Gin Ala Phe Ser 
455 460 
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Leu Thr Glu 
175 

Ala Met Thr 
190 

Phe Gin Asn 



He Gin His 



Thr Leu Asp 
240 

Arg Thr Leu 
255 

Lys Ala He 
270 

He His Phe 



Gin Tyr Leu 



He Gin Glu 
320 

Thr Leu Thr 
335 

Gin Leu Pro 
350 

Glu Leu Pro 



Arg His Asn 



Gly Ser Leu 
400 

His Pro Glu 
415 



Thr Asp Asn 
430 

Met His Leu 



Lys Asp Ser 
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Phe Pro Lys Leu Arg lie Leu Glu Val Pro Tyr Ala Tyr Gin Cys Cys 
465 470 475 480 

Ala Tyr Gly lie Cys Ala Ser Phe Phe Lys Thr Ser Gly Gin Trp Gin 
485 490 495 

Ala Glu Asp Phe His Pro Glu Glu Glu Glu Ala Pro Lys Arg Pro Leu 
500 505 510 

Gly Leu Leu Ala Gly Gin Ala Glu Asn His Tyr Asp Leu Asp Leu Asp 
515 520 525 

Glu Leu Gin Met Gly Thr Glu Asp Ser Lys Pro Asn Pro Ser Val Gin 
530 535 540 

Cys Ser Pro Val Pro Gly Pro Phe Lys Pro Cys Glu His Leu Phe Glu 
545 550 555 560 

Ser Trp Gly lie Arg Leu Ala Val Trp Ala He Val Leu Leu Ser Val 
565 570 575 

Leu Cys Asn Gly Leu Val Leu Leu Thr Val Phe Ala Ser Gly Pro Ser 
580 585 590 

Pro Leu Ser Pro Val Lys Leu Val Val Gly Ala Met Ala Gly Ala Asn 
595 600 605 

Ala Leu Thr Gly He Ser Cys Gly Leu Leu Ala Ser Val Asp Ala Leu 
610 615 620 

Thr Tyr Gly Gin Phe Ala Glu Tyr Gly Ala Arg Trp Glu Ser Gly Leu 
625 630 635 640 

Gly Cys Gin Ala Thr Gly Phe Leu Ala Val Leu Gly Ser Glu Ala Ser 
645 650 655 

Val Leu Leu Leu Thr Leu Ala Ala Val Gin Cys Ser He Ser Val Thr 
660 665 670 

Cys Val Arg Ala Tyr Gly Lys Ala Pro Ser Pro Gly Ser Val Arg Ala 
675 680 685 

Gly Ala Leu Gly Cys Leu Ala Leu Ala Gly Leu Ala Ala Ala Leu Pro 
690 695 700 

Leu Ala Ser Val Gly Glu Tyr Gly Ala Ser Pro Leu Cys Leu Pro Tyr 
705 710 715 720 

Ala Pro Pro Glu Gly Arg Pro Ala Ala Leu Gly Phe Ala Val Ala Leu 
725 730 735 

Val Met Met Asn Ser Leu Cys Phe Leu Val Val Ala Gly Ala Tyr He 
740 745 750 



Lys Leu Tyr Cys Asp Leu Pro Arg Gly Asp Phe Glu Ala Val Trp Asp 
755 760 765 
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Cys Ala Met Val Arg His Val Ala Trp Leu lie Phe Ala Asp Gly Leu 
770 775 780 

Leu Tyr Cys Pro Val Ala Phe Leu Ser Phe Ala Ser Met Leu Gly Leu 
785 790 795 800 

Phe Pro Val Thr Pro Glu Ala Val Lys Ser Val Leu Leu Val Val Leu 
805 810 815 

Pro Leu Pro Ala Cys Leu Asn Pro Leu Leu Tyr Leu Leu Phe Asn Pro 
820 825 830 

His Phe Arg Asp Asp Leu Arg Arg Leu Trp Pro Ser Pro Arg Ser Pro 
835 840 845 

Gly Pro Leu Ala Tyr Ala Ala Ala Gly Glu Leu Glu Lys Ser Ser Cys 
850 855 860 

Asp Ser Thr Gin Ala Leu Val Ala Phe Ser Asp Val Asp Leu lie Leu 
865 870 875 880 

Glu Ala Ser Glu Ala Gly Gin Pro Pro Gly Leu Glu Thr Tyr Gly Phe 
885 890 895 

Pro Ser Val Thr Leu lie Ser Arg His Gin Pro Gly Ala Thr Arg Leu 
900 905 910 

Glu Gly Asn His Phe lie Glu Ser Asp Gly Thr Lys Phe Gly Asn Pro 
915 920 925 

Gin Pro Pro Met Lys Gly Glu Leu Leu Leu Lys Ala Glu Gly Ala Thr 
930 935 940 

Leu Ala Gly Cys Gly Ser Ser Val Gly Gly Ala Leu Trp Pro Ser Gly 
945 950 955 960 



Ser Leu Phe Ala Ser His Leu 
965 



<210> 3 

<211> 2901 

<212> DNA 

<213> Mus musculus 

<220> 

<221> CDS 

<222> (1) . . (2901) 

<400> 3 

atg cac age ccg cct ggg etc ctg gcg ctg tgg ctt tgc get gtg ctg 48 
Met His Ser Pro Pro Gly Leu Leu Ala Leu Trp Leu Cys Ala Val Leu 
15 10 15 



tgc gca teg gcg cgc 
Cys Ala Ser Ala Arg 
20 



ggg ggc age gac ccc cag cct ggc ccg ggg cgt 96 
Gly Gly Ser Asp Pro Gin Pro Gly Pro Gly Arg 
25 30 
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ccc gcc tgc ccg get ccc tgc cac tgc cag gag gac ggc ate atg ctg 144 
Pro Ala Cys Pro Ala Pro Cys His Cys Gin Glu Asp Gly lie Met Leu 
35 40 45 

tec get gac tgc tec gag etc ggg etc tea gtg gtg cct gcg gac ctg 192 
Ser Ala Asp Cys Ser Glu Leu Gly Leu Ser Val Val Pro Ala Asp Leu 
50 55 60 

gac ccc ctg acg get tac eta gac etc agt atg aac aac etc acg gag 240 
Asp Pro Leu Thr Ala Tyr Leu Asp Leu Ser Met Asn Asn Leu Thr Glu 
65 70 75 80 

ctt cag ccg ggt etc ttc cac cac ctg cgc ttc ctg gag gag ctg egg 288 
Leu Gin Pro Gly Leu Phe His His Leu Arg Phe Leu Glu Glu Leu Arg 
85 90 95 

etc tea ggg aac cac etc tea cac ate ccg gga cag gca ttc tec ggc 336 
Leu Ser Gly Asn His Leu Ser His lie Pro Gly Gin Ala Phe Ser Gly 
100 105 110 

etc cac age etc aaa att eta atg ctg cag age aac cag etc cgt ggg 3 84 
Leu His Ser Leu Lys lie Leu Met Leu Gin Ser Asn Gin Leu Arg Gly 
115 120' 125 

ate cca gca gag gca. eta tgg gag ctg ccc age ctg cag teg ctg cgc 432 
lie Pro Ala Glu Ala Leu Trp Glu Leu Pro Ser Leu Gin Ser Leu Arg 
130 135 140 

eta gat get aat etc ate tec ctg gtc cct gag aga age ttt gag ggg 480 
Leu Asp Ala Asn Leu lie Ser Leu Val Pro Glu Arg Ser Phe Glu Gly 
145 150 155 160 

etc tec tec etc cgc cac etc tgg ctg gat gac aat gca etc act gag 528 
Leu Ser Ser Leu Arg His Leu Trp Leu Asp Asp Asn Ala Leu Thr Glu 
165 170 175 

ate ccc gtc aga get etc aac aac ctt cct gcc eta cag gcc atg ace 576 
He Pro Val Arg Ala Leu Asn Asn Leu Pro Ala Leu Gin Ala Met Thr 
180 185 190 

ttg get etc aac cat ate cgc cac ate cct gac tat gcc ttc cag aac 624 
Leu Ala Leu Asn His He Arg His He Pro Asp Tyr Ala Phe Gin Asn 
195 200 205 

etc acc agt ctt gtg gtg ctg cat eta cat aac aac cgc ate cag cat 672 
Leu Thr Ser Leu Val Val Leu His Leu His Asn Asn Arg He Gin His 
210 215 220 

gtg ggg acc cac age ttc gag ggg ctg cac aat ctg gag aca eta gac 720 
Val Gly Thr His Ser Phe Glu Gly Leu His Asn Leu Glu Thr Leu Asp 
225 230 235 240 

ctg aac tat aat gag ctg cag gag ttc ccc ttg get ate egg acc ctg 768 
Leu Asn Tyr Asn Glu Leu Gin Glu Phe Pro Leu Ala He Arg Thr Leu 
245 250 255 
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ggc agg ctg cag gaa ttg ggt ttc cat aac aac aac ate aag get ate 816 
Gly Arg Leu Gin Glu Leu Gly Phe His Asn Asn Asn lie Lys Ala lie 
260 265 270 

cca gag aaa gee ttc atg ggc aac cct etc ctg cag aca ata cat ttt 864 
Pro Glu Lys Ala Phe Met Gly Asn Pro Leu Leu Gin Thr lie His Phe 
275 280 285 

tat gac aac cca ate cag ttt gtg gga agg tea gca ttc cag tac ctg 912 
Tyr Asp Asn Pro lie Gin Phe Val Gly Arg Ser Ala Phe Gin Tyr Leu 
290 295 300 

tct aaa ctg cat acg eta tct ttg aat ggt gee act gat ate caa gag 960 
Ser Lys Leu His Thr Leu Ser Leu Asn Gly Ala Thr Asp lie Gin Glu 
305 310 315 320 

ttc cca gac etc aaa ggc ace act age ctg gag ate ctg ace ctg ace 1008 
Phe Pro Asp Leu Lys Gly Thr Thr Ser Leu Glu lie Leu Thr Leu Thr 
325 330 335 

cgt gcg ggc ate aga ctg etc cca ccg gga gtg tgc caa cag ctg cct 1056 
Arg Ala Gly lie Arg Leu Leu Pro Pro Gly Val Cys Gin Gin Leu Pro 
340 345 350 

agg etc cga ate ctg gag ctg tct cat aat cag ate gag gag tta ccc 1104 
Arg Leu Arg lie Leu Glu Leu Ser His Asn Gin lie Glu Glu Leu Pro 
355 360 365 

age ctg cac aga tgt cag aag ctg gag gaa att ggc etc cga cat aac 1152 
Ser Leu His Arg Cys Gin Lys Leu Glu Glu lie Gly Leu Arg His Asn 
370 375 380 

agg ate aag gaa att ggt gca gat acc ttc age cag ctg ggc tec ttg 1200 
Arg lie Lys Glu lie Gly Ala Asp Thr Phe Ser Gin Leu Gly Ser Leu 
385 390 395 400 

caa get tta gac ctg agt tgg aat gee ate cgt gee ate cac cct gag 1248 
Gin Ala Leu Asp Leu Ser Trp Asn Ala lie Arg Ala lie His Pro Glu 
405 410 415 

get ttc tea acc ctt cga tec ttg gtt aag ctg gac ctg act gac aac 1296 
Ala Phe Ser Thr Leu Arg Ser Leu Val Lys Leu Asp Leu Thr Asp Asn 
420 " 425 430 

cag ctg acc aca ctg ccc ctg get ggg ctg gga ggc ctg atg cac ctg 1344 
Gin Leu Thr Thr Leu Pro Leu Ala Gly Leu Gly Gly Leu Met His Leu 
435 440 445 

aag etc aaa ggg aac ttg gee ctg tct cag gee ttc tec aag gac agt 13 92 
Lys Leu Lys Gly Asn Leu Ala Leu Ser Gin Ala Phe Ser Lys Asp Ser 
450 455 460 

ttc cca aaa ctg agg ate ctg gag gtg ccc tac gee tac cag tgc tgt 1440 
Phe Pro Lys Leu Arg lie Leu Glu Val Pro Tyr Ala Tyr Gin Cys Cys 
465 470 475 480 

gee tac ggc ate tgt gee age ttc ttc aag acc tct ggg cag tgg cag 1488 
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Ala Tyr Gly lie Cys Ala Ser Phe Phe Lys Thr Ser Gly Gin Trp Gin 
485 490 495 

gcc gag gac ttt cat cca gaa gaa gag gag gca cca aag agg ccc ctg 153 6 
Ala Glu Asp Phe His Pro Glu Glu Glu Glu Ala Pro Lys Arg Pro Leu 
500 505 510 

ggt etc ctt get gga caa get gag aac cac tat gac eta gac ctg gat 1584 
Gly Leu Leu Ala Gly Gin Ala Glu Asn His Tyr Asp Leu Asp Leu Asp 
515 520 525 

gag etc cag atg ggg aca gag gac tea aag cca aac ccc agt gtc cag 1632 
Glu Leu Gin Met Gly Thr Glu Asp Ser Lys Pro Asn Pro Ser Val Gin 
530 535 540 

tgc age cct gtt cca ggc ccc ttc aag ccc tgc gag cac etc ttt gag 1680 
Cys Ser Pro Val Pro Gly Pro Phe Lys Pro Cys Glu His Leu Phe Glu 
545 550 555 560 

age tgg ggc ate cgc ctt get gtg tgg gcc ate gtg ctg etc tec gta 1728 
Ser Trp Gly lie Arg Leu Ala Val Trp Ala lie Val Leu Leu Ser Val 
565 570 575 

etc tgt aac ggg ctg gtg ctg ctg aca gtc ttt gcc age gga ccc age 1776 
Leu Cys Asn Gly Leu Val Leu Leu Thr Val Phe Ala Ser Gly Pro Ser 
580 585 590 

ccg ctg tec ccc gtc aag ctt gtg gtg ggt gcg atg gca ggc gcc aac 1824 
Pro Leu Ser Pro Val Lys Leu Val Val Gly Ala Met Ala Gly Ala Asn 
595 600 605 

gcc ctg acg ggc att tec tgt ggt etc ctg gcc tct gtg gac gcc ttg 1872 
Ala Leu Thr Gly lie Ser Cys Gly Leu Leu Ala Ser Val Asp Ala Leu 
610 , 615 620 

ace tat ggt cag ttc get gag tat gga gcc cgc tgg gag age ggt ctg 1920 
Thr Tyr Gly Gin Phe Ala Glu Tyr Gly Ala Arg Trp Glu Ser Gly Leu 
625 630 635 640 

ggc tgc cag get acg ggc ttc ctg get gtc ctg ggt tea gag gcg teg 1968 
Gly Cys Gin Ala Thr Gly Phe Leu Ala Val Leu Gly Ser Glu Ala Ser 
645 650 655 

gtg ctg ctg etc aca ctg gcg gcc gtg cag tgc age ate tct gtg acc 2016 
Val Leu Leu Leu Thr Leu Ala Ala Val Gin Cys Ser lie Ser Val Thr 
660 665 670 

tgc gtc cga gcc tac ggg aag gcg ccg teg cct ggc age gtc cgc gca 2064 
Cys Val Arg Ala Tyr Gly Lys Ala Pro Ser Pro Gly Ser Val Arg Ala 
675 680 685 

ggc gca ctg gga tgc ctg gcg ctg gcc ggg ctg gcc gca gca ctg ccg 2112 
Gly Ala Leu Gly Cys Leu Ala Leu Ala Gly Leu Ala Ala Ala Leu Pro 
690 695 700 

ctg gcc teg gtg gga gag tat ggc gcc tec cca etc tgc ctg ccc tac 2160 
Leu Ala Ser Val Gly Glu Tyr Gly Ala Ser Pro Leu Cys Leu Pro Tyr 
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705 710 715 720 

gcc cca ccc gag ggc egg ccg gec gec ctg ggc ttc get gta gec ctg 2208 
Ala Pro Pro Glu Gly Arg Pro Ala Ala Leu Gly Phe Ala Val Ala Leu 
725 730 735 

gtg atg atg aac teg etc tgc ttc ctg gtg gtg gcc ggc gcc tac ate 2256 
Val Met Met Asn Ser Leu Cys Phe Leu Val Val Ala Gly Ala Tyr lie 
740 745 750 

aag etc tac tgt gac ctg cca egg ggt gac ttt gag gcc gtg tgg gac 2304 
Lys Leu Tyr Cys Asp Leu Pro Arg Gly Asp Phe Glu Ala Val Trp Asp 
755 760 765 

tgc gcc atg gtg cgc cac gtg gcc tgg etc ate ttt gca gat ggc etc 2352 
Cys Ala Met Val Arg His Val Ala Trp Leu lie Phe Ala Asp Gly Leu 
770 775 780 

etc tac tgc ccc gtg gcc ttc etc age ttt gcc tec atg ctg ggc etc 2400 
Leu Tyr Cys Pro Val Ala Phe Leu Ser Phe Ala Ser Met Leu Gly Leu 
785 790 795 800 

ttc cct gtc ace ccc gag get gtc aag tea gtc ctt ctg gtg gtg ctg 2448 
Phe Pro Val Thr Pro Glu Ala Val Lys Ser Val Leu Leu Val Val Leu 
805 810 815 

cct ctg cct gcc tgc etc aac cca ctg etc tac ctg etc ttc aac cct 2496 
Pro Leu Pro Ala Cys Leu Asn Pro Leu Leu Tyr Leu Leu Phe Asn Pro 
820 825 830 

cac ttc egg gat gac ctt egg egg etc tgg cca age cct egg tec cca 2544 
His Phe Arg Asp Asp Leu Arg Arg Leu Trp Pro Ser Pro Arg Ser Pro 
835 840 845 

ggg ccc eta gcc tac get gca gcc ggt gag ctg gag aag age tec tgc 2592 
Gly Pro Leu Ala Tyr Ala Ala Ala Gly Glu Leu Glu Lys Ser Ser Cys 
850 855 860 

gac tec acc caa gcg ctg gtg get ttc tea gat gtg gat ctt att ctg 2640 
Asp Ser Thr Gin Ala Leu Val Ala Phe Ser Asp Val Asp Leu He Leu 
865 870 875 880 

gaa get tct gag get ggg cag cct cct ggg eta gag acc tat ggc ttc 2688 
Glu Ala Ser Glu Ala Gly Gin Pro Pro Gly Leu Glu Thr Tyr Gly Phe 
885 890 895 

cct tea gtg acc etc ate tec cga cat cag ccg ggg gcc acc agg ctg 2736 
'Pro Ser Val Thr Leu He Ser Arg His Gin Pro Gly Ala Thr Arg Leu 
900 905 910 

gag gga aac cat ttt ata gag tct gat gga acc aag ttt ggg aac cca 2784 
Glu Gly Asn His Phe He Glu Ser Asp Gly Thr Lys Phe Gly Asn Pro 
915 920 925 

caa cct ccc atg aag gga gaa ctg ctg ctg aag gca gag gga gcc act 2 832 
Gin Pro Pro Met Lys Gly Glu Leu Leu Leu Lys Ala Glu Gly Ala Thr 
930 935 940 
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ttg gca ggc tgt ggc tct tec gtg ggt gga gec etc tgg ccc tct ggc 2880 
Leu Ala Gly Cys Gly Ser Ser Val Gly Gly Ala Leu Trp Pro Ser Gly 
945 950 955 960 

tct etc ttt gec tct cac ttg 2901 
Ser Leu Phe Ala Ser His Leu 
965 



<210> 4 

<211> 2486 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> CDS 

<222> (2) . . (1900) 

<220> 

<221> misc_feature 
<222> (172) 

<223> n = any nucleotide 
<400> 4 

t aat acg act cac tat agg gaa age tgg tac gec tgc agg tac egg tec 49 
Asn Thr Thr His Tyr Arg Glu Ser Trp Tyr Ala Cys Arg Tyr Arg Ser 
1 5 10 15 

gga att ccc ggg teg acc cac gcg tec gtg gag egg age cag ggt ctg 97 
Gly lie Pro Gly Ser Thr His Ala Ser Val Glu Arg Ser Gin Gly Leu 
20 25 30 

age ctg ccg get cat cca gee tct ctt get gee eta gcg gec tea aac 145 
Ser Leu Pro Ala His Pro Ala Ser Leu Ala Ala Leu Ala Ala Ser Asn 
35 40 45 

aca acc gca tct ggg aaa ttg gag ctn gac acc ttc age cag ctg age 193 
Thr Thr Ala Ser Gly Lys Leu Glu Xaa Asp Thr Phe Ser Gin Leu Ser 
50 55 60 

tec ctg caa gec ctg gat ctt age tgg aac gec ate egg tec ate cac 241 
Ser Leu Gin Ala Leu Asp Leu Ser Trp Asn Ala lie Arg Ser lie His 
65 70 75 80 

cct gag gee ttc tec acc ctg cac tec ctg gtc aag ctg gac ctg aca 289 
Pro Glu Ala Phe Ser Thr Leu His Ser Leu Val Lys Leu Asp Leu Thr 
85 90 95 

gac aac cag ctg acc aca ctg ccc ctg get gga ctt ggg ggc ttg atg 337 
Asp Asn Gin Leu Thr Thr Leu Pro Leu Ala Gly Leu Gly Gly Leu Met 
100 105 110 



cat ctg aag etc aaa ggg aac ctt get etc tec cag gee ttc tec aag 
His Leu Lys Leu Lys Gly Asn Leu Ala Leu Ser Gin Ala Phe Ser Lys 
115 120 125 



385 
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gac agt ttc cca aaa ctg agg ate ctg gag gtg cct tat gec tac cag 433 
Asp Ser Phe Pro Lys Leu Arg He Leu Glu Val Pro Tyr Ala Tyr Gl,n 
130 135 140 

tgc tgt ccc tat ggg atg tgt gec age ttc ttc aag gec tct ggg cag 481 
Cys Cys Pro Tyr Gly Met Cys Ala Ser Phe Phe Lys Ala Ser Gly Gin 
145 150 155 160 

tgg gag get gaa gac ctt cac ctt gat gat gag gag tct tea aaa agg 529 
Trp Glu Ala Glu Asp Leu His Leu Asp Asp Glu Glu Ser Ser Lys Arg 
165 170 175 

ccc ctg ggc etc ctt gee aga caa gca gag aac cac tat gac cag gac 577 
Pro Leu Gly Leu Leu Ala Arg Gin Ala Glu Asn His Tyr Asp Gin Asp 
180 185 190 

ctg gat gag etc cag ctg gag atg gag gac tea aag cca cac ccc agt 625 
Leu Asp Glu Leu Gin Leu Glu Met Glu Asp Ser Lys Pro His Pro Ser 
195 200 205 

gtc cag tgt age cct act cca ggc ccc ttc aag ccc tgt gag tac etc 673 
Val Gin Cys Ser Pro Thr Pro Gly Pro Phe Lys Pro Cys Glu Tyr Leu 
210 215 220 

ttt gaa age tgg ggc ate cgc ctg gee gtg tgg gec ate gtg ttg etc 721 
Phe Glu Ser Trp Gly He Arg Leu Ala Val Trp Ala He Val Leu Leu 
225 230 235 240 

tec gtg etc tgc aat gga ctg gtg ctg ctg ace gtg ttc get ggc ggg 769 
Ser Val Leu Cys Asn Gly Leu Val Leu Leu Thr Val Phe Ala Gly Gly 
245 250 255 

cct gee ccc ctg ccc ccg gtc aag ttt gtg gta ggt gcg att gca ggc 817 
Pro Ala Pro Leu Pro Pro Val Lys Phe Val Val Gly Ala He Ala Gly 
260 265 270 

gee aac ace ttg act ggc att tec tgt ggc ctt eta gee tea gtc gat 865 
Ala Asn Thr Leu Thr Gly He Ser Cys Gly Leu Leu Ala Ser Val Asp 
275 280 285 

gee ctg ace ttt ggt cag ttc tct gag tac gga gee cgc tgg gag acg 913 
Ala Leu Thr Phe Gly Gin Phe Ser Glu Tyr Gly Ala Arg Trp Glu Thr 
290 295 300 

ggg eta ggc tgc egg gec act ggc ttc ctg gca gta ctt ggg teg gag 961 
Gly Leu Gly Cys Arg Ala Thr Gly Phe Leu Ala Val Leu Gly Ser Glu 
305 310 315 320 

gca teg gtg ctg ctg etc act ctg gee gca gtg cag tgc age gtc tec 1009 
Ala Ser Val Leu Leu Leu Thr Leu Ala Ala Val Gin Cys Ser Val Ser 
325 330 335 

gtc tec tgt gtc egg gee tat ggg aag tec ccc tec ctg ggc age gtt 1057 
Val Ser Cys Val Arg Ala Tyr Gly Lys Ser Pro Ser Leu Gly Ser Val 
340 345 350 



cga gca ggg gtc eta ggc tgc ctg gca ctg gca ggg ctg gee gee gca 
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Arg Ala Gly Val Leu Gly Cys Leu Ala Leu Ala Gly Leu Ala Ala Ala 

355 360 365 

ctg ccc ctg gcc tea gtg gga gaa tac ggg gec tec cca etc tgc ctg 1153 

Leu Pro Leu Ala Ser Val Gly Glu Tyr Gly Ala Ser Pro Leu Cys Leu 
370 375 380 

ccc tac gcg cca cct gag ggt cag cca gca gcc ctg ggc ttc acc gtg 1201 

Pro Tyr Ala Pro Pro Glu Gly Gin Pro Ala Ala Leu Gly Phe Thr Val 
385 390 395 400 

gcc ctg gtg atg atg aac tec ttc tgt ttc ctg gtc gtg gcc ggt gcc 1249 

Ala Leu Val Met Met Asn Ser Phe Cys Phe Leu Val Val Ala Gly Ala 
405 410 415 

tac ate aaa ctg tac tgt gac ctg ccg egg ggc gac ttt gag gcc gtg 1297 

Tyr lie Lys Leu Tyr Cys Asp Leu Pro Arg Gly Asp Phe Glu Ala Val 
420 425 430 

tgg gac tgc gcc atg gtg agg cac gtg gcc tgg etc ate ttc gca gac 1345 

Trp Asp Cys Ala Met Val Arg His Val Ala Trp Leu lie Phe Ala Asp 

435 440 445 

ggg etc etc tac tgt ccc gtg gcc ttc etc age ttc gcc tec atg ctg 1393 

Gly Leu Leu Tyr Cys Pro Val Ala Phe Leu Ser Phe Ala Ser Met Leu 
450 455 460 

ggc etc ttc cct gtc acg ccc gag gcc gtc aag tct gtc ctg ctg gtg 1441 

Gly Leu Phe Pro Val Thr Pro Glu Ala Val Lys Ser Val Leu Leu Val 
465 470 475 480 

gtg ctg ccc ctg cct gcc tgc etc aac cca ctg ctg tac ctg etc ttc 1489 

Val Leu Pro Leu Pro Ala Cys Leu Asn Pro Leu Leu Tyr Leu Leu Phe 
485 490 495 

aac ccc cac ttc egg gat gac ctt egg egg ctt egg ccc cgc gca ggg 1537 
Asn Pro His Phe Arg Asp Asp Leu Arg Arg Leu Arg Pro Arg Ala Gly 
500 505 510 

gac tea ggg ccc eta gcc tat get gcg gcc ggg gag ctg gag aag age 1585 
Asp Ser Gly Pro Leu Ala Tyr . Ala Ala Ala Gly Glu Leu Glu Lys Ser 

515 520 525 

tec tgt gat tct acc cag gcc ctg gta gcc ttc tct gat gtg gat etc 1633 

Ser Cys Asp Ser Thr Gin Ala Leu Val Ala Phe Ser Asp Val Asp Leu 
530 535 540 

att ctg gaa get tct gaa get ggg egg ccc cct ggg ctg gag acc tat 1681 
He Leu Glu Ala Ser Glu Ala Gly Arg Pro Pro Gly Leu Glu Thr Tyr 
545 550 555 560 

ggc ttc ccc tea gtg acc etc ate tec tgt cag cag cca ggg gcc ccc 1729 
Gly Phe Pro Ser Val Thr Leu He Ser Cys Gin Gin Pro Gly Ala Pro 
565 570 575 

agg ctg gag ggc age cat tgt gta gag cca gag ggg aac cac ttt ggg 1777 

Arg Leu Glu Gly Ser His Cys Val Glu Pro Glu Gly Asn His Phe Gly 
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580 585 590 

aac ccc caa ccc tec atg gat gga gaa ctg ctg ctg agg gca gag gga 1825 
Asn Pro Gin Pro Ser Met Asp Gly Glu Leu Leu Leu Arg Ala Glu Gly 
595 600 605 

tct acg cca gca ggt gga ggc ttg tea ggg ggt ggc ggc ttt cag ccc 1873 
Ser Thr Pro Ala Gly Gly Gly Leu Ser Gly Gly Gly Gly Phe Gin Pro 
610 615 620 

tct ggc ttg gec ttt get tea cac gtg taaatatccc tccccattct 1920 
Ser Gly Leu Ala Phe Ala Ser His Val 
625 630 

tctcttcccc tctcttccct ttcctctctc cccctcggtg aatgatggct gcttctaaaa 1980 
caaatacaac caaaactcag cagtgtgatc tatagcagga tggcccagta cctggctcca 2040 
ctgatcacct ctctcctgtg accatcacca aegggtgect cttggcctgg ctttcccttg 2100 
gccttcctca gcttcacctt gatactgggc ctcttccttg tcatgtctga agctgtggac 2160 
cagagacctg gacttttgtc tgcttaaggg aaatgaggga agtaaagaca gtgaaggggt 2220 
ggagggttga tcagggcaca gtggacaggg agacctcaca gagaaaggee tggaaggtga 2280 
tttcccgtgt gactcatgga taggatacaa aatgtgttcc atgtaccatt. aatcttgaca 2340 
tatgecatge ataaagactt cctattaaaa taagctttgg aagagattaa aaaaaaaaaa 2400 
aaagggegge cgctctagag gatccaagct tacgtacgcg tgeatgegae gtcatagctc 2460 
ttctatagtg tcacctaaat tcaatt 2486 



<210> 5 
<211> 633 
<212> PRT 

<213> Homo sapiens 
<220> 

<221> VARIANT 
<222> (57) 

<223> Xaa = any amino acid 
<400> 5 

Asn Thr Thr His Tyr Arg Glu Ser Trp Tyr Ala Cys Arg Tyr Arg Ser 
15 10 15 

Gly He Pro Gly Ser Thr His Ala Ser Val Glu Arg Ser Gin Gly Leu 
20 25 30 

Ser Leu Pro Ala His Pro Ala Ser Leu Ala Ala Leu Ala Ala Ser Asn 
35 40 45 

Thr Thr Ala Ser Gly Lys Leu Glu Xaa Asp Thr Phe Ser Gin Leu Ser 
50 55 60 
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Ser Leu Gin Ala Leu Asp Leu Ser Trp Asn Ala lie Arg Ser lie His 
65 70 75 80 

Pro Glu Ala Phe Ser Thr Leu His Ser Leu Val Lys Leu Asp Leu Thr 
85 90 95 

Asp Asn Gin Leu Thr Thr Leu Pro Leu Ala Gly Leu Gly Gly Leu Met 
100 105 110 

His Leu Lys Leu Lys Gly Asn Leu Ala Leu Ser Gin Ala Phe Ser Lys 
115 120 125 

Asp Ser Phe Pro Lys Leu Arg lie Leu Glu Val Pro Tyr Ala Tyr Gin 
130 135 140 

Cys Cys Pro Tyr Gly Met Cys Ala Ser Phe Phe Lys Ala Ser Gly Gin 
145 150 155 160 

Trp Glu Ala Glu Asp Leu His Leu Asp Asp Glu Glu Ser Ser Lys Arg 
165 170 175 

Pro Leu Gly Leu Leu Ala Arg Gin Ala Glu Asn His Tyr Asp Gin Asp 
180 185 190 

Leu Asp Glu Leu Gin Leu Glu Met Glu Asp Ser Lys Pro His Pro Ser 
195 200 205 

Val Gin Cys Ser Pro Thr Pro Gly Pro Phe Lys Pro Cys Glu Tyr Leu 
210 215 220 

Phe Glu Ser Trp Gly lie Arg Leu Ala Val Trp Ala He Val Leu Leu 
225 230 235 240 

Ser Val Leu Cys Asn Gly Leu Val Leu Leu Thr Val Phe Ala Gly Gly 
245 250 255 

Pro Ala Pro Leu Pro Pro Val Lys Phe Val Val Gly Ala He Ala Gly 
260 265 270 

Ala Asn Thr Leu Thr Gly He Ser Cys Gly Leu Leu Ala Ser Val Asp 
275 280 285 

Ala Leu Thr Phe Gly Gin Phe Ser Glu Tyr Gly Ala Arg Trp Glu Thr 
290 295 300 

Gly Leu Gly Cys Arg Ala Thr Gly Phe Leu Ala Val Leu Gly Ser Glu 
305 310 315 320 

Ala Ser Val Leu Leu Leu Thr Leu Ala Ala Val Gin Cys Ser Val Ser 
325 330 335 

Val Ser Cys Val Arg Ala Tyr Gly Lys Ser Pro Ser Leu Gly Ser Val 
340 345 350 

Arg Ala Gly Val Leu Gly Cys Leu Ala Leu Ala Gly Leu Ala Ala Ala 
355 360 365 
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Leu Pro Leu Ala Ser Val Gly Glu Tyr Gly Ala Ser Pro Leu Cys Leu 
370 375 380 

Pro Tyr Ala Pro Pro Glu Gly Gin Pro Ala Ala Leu Gly Phe Thr Val 
385 390 395 400 

Ala Leu Val Met Met Asn Ser Phe Cys Phe Leu Val Val Ala Gly Ala 
405 410 415 

Tyr He Lys Leu Tyr Cys Asp Leu Pro Arg Gly Asp Phe Glu Ala Val 
420 425 430 

Trp Asp Cys Ala Met Val Arg His Val Ala Trp Leu He Phe Ala Asp 
435 440 445 

Gly Leu Leu Tyr Cys Pro Val Ala Phe Leu Ser Phe Ala Ser Met Leu 
450 455 460 1 

Gly Leu Phe Pro Val Thr Pro Glu Ala Val Lys Ser Val Leu Leu Val 
465 470 475 480 

Val Leu Pro Leu Pro Ala Cys Leu Asn Pro Leu Leu Tyr Leu Leu Phe 
485 490 495 

Asn Pro His Phe Arg Asp Asp Leu Arg Arg Leu Arg Pro Arg Ala Gly 
500 505 510 

Asp Ser Gly Pro Leu Ala Tyr Ala Ala Ala Gly Glu Leu Glu Lys Ser 
515 520 525 

Ser Cys Asp Ser Thr Gin Ala Leu Val Ala Phe Ser Asp Val Asp Leu 
530 535 540 

He Leu Glu Ala Ser Glu Ala Gly Arg Pro Pro Gly Leu Glu Thr Tyr 
545 550 555 560 

Gly Phe Pro Ser Val Thr Leu He Ser Cys Gin Gin Pro Gly Ala Pro 
565 570 575 

Arg Leu Glu Gly Ser His Cys Val Glu Pro Glu Gly Asn His Phe Gly 
580 585 590 

Asn Pro Gin Pro Ser Met Asp Gly Glu Leu Leu Leu Arg Ala Glu Gly 
595 600 605 

Ser Thr Pro Ala Gly Gly Gly Leu Ser Gly Gly Gly Gly Phe Gin Pro 
610 615 620 



Ser Gly Leu Ala Phe Ala Ser His Val 
625 630 



<210> 6 
<211> 1899 
<212> DNA 

<213> Homo sapiens 
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<220> 

<221> CDS 

<222> (1) . . (1899) 

<220> 

<221> misc_feature 
<222> (171) 

<223> n = any nucleotide 
<400> 6 

aat acg act cac tat agg gaa age tgg tac gec tgc agg tac egg tec 48 
Asn Thr Thr His Tyr Arg Glu Ser Trp Tyr Ala Cys Arg Tyr Arg Ser 
15 10 15 

gga att ccc ggg teg ace cac gcg tec gtg gag egg age cag ggt ctg 96 
Gly lie Pro Gly Ser Thr His Ala Ser Val Glu Arg Ser Gin Gly Leu 
20 25 30 

age ctg ccg get cat cca gee tct ctt get gee eta gcg gee tec aac 144 
Ser Leu Pro Ala His Pro Ala Ser Leu Ala Ala Leu Ala Ala Ser Asn 
35 40 45 

aca acc gca tct ggg aaa ttg gag ctn gac ace ttc age cag ctg age 192 
Thr Thr Ala Ser Gly Lys Leu Glu Xaa Asp Thr Phe Ser Gin Leu Ser 
50 55 60 

tec ctg caa gee ctg gat ctt age tgg aac gee ate egg tec ate cac 240 
Ser Leu Gin Ala Leu Asp Leu Ser Trp Asn Ala He Arg Ser He His 
65 70 75 80 

cct gag gec ttc tec acc ctg cac tec ctg gtc aag ctg gac ctg aca 288 
Pro Glu Ala Phe Ser Thr Leu His Ser Leu Val Lys Leu Asp Leu Thr 
85 90 95 

gac aac cag ctg acc aca ctg ccc ctg get gga ctt ggg ggc ttg atg 33 6 
Asp Asn Gin Leu Thr Thr Leu Pro Leu Ala Gly Leu Gly Gly Leu Met 
100 105 110 

cat ctg aag etc aaa ggg aac ctt get etc tec cag gee ttc tec aag 3 84 
His Leu Lys Leu Lys Gly Asn Leu Ala Leu Ser Gin Ala Phe Ser Lys 
115 120 125 

gac agt ttc cca aaa ctg agg ate ctg gag gtg cct tat gee tac cag 432 
Asp Ser Phe Pro Lys Leu Arg He Leu Glu Val Pro Tyr Ala Tyr Gin 
130 135 140 

tgc tgt ccc tat ggg atg tgt gee age ttc ttc aag gee tct ggg cag 480 
Cys Cys Pro Tyr Gly Met Cys Ala Ser Phe Phe Lys Ala Ser Gly Gin 
145 150 155 160 

tgg gag get gaa gac ctt cac ctt gat gat gag gag tct tea aaa agg 528 
Trp Glu Ala Glu Asp Leu His Leu Asp Asp Glu Glu Ser Ser Lys Arg 
165 170 175 



ccc ctg ggc etc ctt gee aga caa gca gag aac cac tat gac cag gac 
Pro Leu Gly Leu Leu Ala Arg Gin Ala Glu Asn His Tyr Asp Gin Asp 



576 
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180 185 190 

ctg gat gag etc cag ctg gag atg gag gac tea aag cca cac ccc agt 624 
Leu Asp Glu Leu Gin Leu Glu Met Glu Asp Ser Lys Pro His Pro Ser 
195 200 205 

gtc cag tgt age cct act cca ggc ccc ttc aag ccc tgt gag tac etc 672 
Val Gin Cys Ser Pro Thr Pro Gly Pro Phe Lys Pro Cys Glu Tyr Leu 
210 215 220 

ttt gaa age tgg ggc ate cgc ctg gec gtg tgg gee ate gtg ttg etc 720 
Phe Glu Ser Trp Gly lie Arg Leu Ala Val Trp Ala He Val Leu Leu 
225 230 235 240 

tec gtg etc tgc aat gga ctg gtg ctg ctg ace gtg ttc get ggc ggg 768 
Ser Val Leu Cys Asn Gly Leu Val Leu Leu Thr Val Phe Ala Gly Gly 
245 250 255 

cct gee ccc ctg ccc ccg gtc aag ttt gtg gta ggt gcg att gca ggc 816 
Pro Ala Pro Leu Pro Pro Val Lys Phe Val Val Gly Ala He Ala Gly 
260 265 270 

gec aac acc ttg act ggc att tec tgt ggc ctt eta gee tea gtc gat 864 
Ala Asn Thr Leu Thr Gly He Ser Cys Gly Leu Leu Ala Ser Val Asp 
275 280 285 

gec ctg acc ttt ggt cag ttc tct gag tac gga gec cgc tgg gag acg 912 
Ala Leu Thr Phe Gly Gin Phe Ser Glu Tyr Gly Ala Arg Trp Glu Thr 
290 295 300 

ggg eta ggc tgc egg gee act ggc ttc ctg gca gta ctt ggg teg gag 9 60 
Gly Leu Gly Cys Arg Ala Thr Gly Phe Leu Ala Val Leu Gly Ser Glu 
305 310 315 320 

gca teg gtg ctg ctg etc act ctg gee gca gtg cag tgc age gtc tec 1008 
Ala Ser Val Leu Leu Leu Thr Leu Ala Ala Val Gin Cys Ser Val Ser 
325 330 335 

gtc tec tgt gtc egg gee tat ggg aag tec ccc tec ctg ggc age gtt 1056 
Val Ser Cys Val Arg Ala Tyr Gly Lys Ser Pro Ser Leu Gly Ser Val 
340 345 350 

cga gca ggg gtc eta ggc tgc ctg gca ctg gca ggg ctg gee gee gca 1104 
Arg Ala Gly Val Leu Gly Cys Leu Ala Leu Ala Gly Leu Ala Ala Ala 
355 360 365 

ctg ccc ctg gee tea gtg gga gaa tac ggg gee tec cca etc tgc ctg 1152 
Leu Pro Leu Ala Ser Val Gly Glu Tyr Gly Ala Ser Pro Leu Cys Leu 
370 375 380 

ccc tac gcg cca cct gag ggt cag cca gca gee ctg ggc ttc acc gtg 1200 
Pro Tyr Ala Pro Pro Glu Gly Gin Pro Ala Ala Leu Gly Phe Thr Val 
385 390 395 400 

gec ctg gtg atg atg aac tec ttc tgt ttc ctg gtc gtg gee ggt gec 1248 
Ala Leu Val Met Met Asn Ser Phe Cys Phe Leu Val Val Ala Gly Ala 
405 410 415 
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tac ate aaa ctg tac tgt gac ctg ccg egg ggc gac ttt gag gec gtg 1296 
Tyr He Lys Leu Tyr Cys Asp Leu Pro Arg Gly Asp Phe Glu Ala Val 
420 425 430 

tgg gac tgc gec atg gtg agg cac gtg gec tgg etc ate ttc gca gac 1344 
Trp Asp Cys Ala Met Val Arg His Val Ala Trp Leu He Phe Ala Asp 
435 440 445 

ggg etc etc tac tgt ccc gtg gec ttc etc age ttc gec tec atg ctg 1392 
Gly Leu Leu Tyr Cys Pro Val Ala Phe Leu Ser Phe Ala Ser Met Leu 
450 455 460 

ggc etc ttc cct gtc acg ccc gag gee gtc aag tct gtc ctg ctg gtg 1440 
Gly Leu Phe Pro Val Thr Pro Glu Ala Val Lys Ser Val Leu Leu Val 
465 470 475 480 

gtg ctg ccc ctg cct gec tgc etc aac cca ctg ctg tac ctg etc ttc 1488 
Val Leu Pro Leu Pro Ala Cys Leu Asn Pro Leu Leu Tyr Leu Leu Phe 
485 490 495 

aac ccc cac ttc egg gat gac ctt egg egg ctt egg ccc cgc gca ggg 153 6 
Asn Pro His Phe Arg Asp Asp Leu Arg Arg Leu Arg Pro Arg Ala Gly 
500 505 510 

gac tea ggg ccc eta gec tat get gcg gec ggg gag ctg gag aag age 1584 
Asp Ser Gly Pro Leu Ala Tyr Ala Ala Ala Gly Glu Leu Glu Lys Ser 
515 520 525 

tec tgt gat tct ace cag gee ctg gta gee ttc tct gat gtg gat etc 1632 
Ser Cys Asp Ser Thr Gin Ala Leu Val Ala Phe Ser Asp Val Asp Leu 
530 535 540 

att ctg gaa get tct gaa get ggg egg ccc cct ggg ctg gag ace tat 1680 
He Leu Glu Ala Ser Glu Ala Gly Arg Pro Pro Gly Leu Glu Thr Tyr 
545 550 555 560 

ggc ttc ccc tea gtg acc etc ate tec tgt cag cag cca ggg gee ccc 1728 
Gly Phe Pro Ser Val Thr Leu He Ser Cys Gin Gin Pro Gly Ala Pro 
565 570 575 

agg ctg gag ggc age cat tgt gta gag cca gag ggg aac cac ttt ggg 1776 
Arg Leu Glu Gly Ser His Cys Val Glu Pro Glu Gly Asn His Phe Gly 
580 585 590 

aac ccc caa ccc tec atg gat gga gaa ctg ctg ctg agg gca gag gga 1824 
Asn Pro Gin Pro Ser Met Asp Gly Glu Leu Leu Leu Arg Ala Glu Gly 
595 600 605 

tct acg cca gca ggt gga ggc ttg tea ggg ggt ggc ggc ttt cag ccc 1872 
Ser Thr Pro Ala Gly Gly Gly Leu Ser Gly Gly Gly Gly Phe Gin Pro 
610 615 620 

tct ggc ttg gec ttt get tea cac gtg 1899 
Ser Gly Leu Ala Phe Ala Ser His Val 
625 630 
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<210> 7 
<211> 2711 
<212> DNA 

<213> Homo sapiens 

<220> 

<221> CDS 

<222> (1)..(2208) 

<400> 7 

ggg ctg cac aat ctg gag aca eta gac ctg aat tat aac aag ctg cag 48 
Gly Leu His Asn Leu Glu Thr Leu Asp Leu Asn Tyr Asn Lys Leu Gin 
15 10 15 

gag ttc cct gtg gec ate egg ace ctg ggc aga ctg cag gaa ctg ggg 96 
Glu Phe Pro Val Ala lie Arg Thr Leu Gly Arg Leu Gin Glu Leu Gly 
20 25 30 

ttc cat aac aac aac ate aag gee ate cca gaa aag gee ttc atg ggg 144 
Phe His Asn Asn Asn lie Lys Ala lie Pro Glu Lys Ala Phe Met Gly 
35 40 45 

aac cct ctg eta cag acg ata cac ttt tat gat aac cca ate cag ttt 192 
Asn Pro Leu Leu Gin Thr lie His Phe Tyr Asp Asn Pro lie Gin Phe 
50 55 60 

gtg gga aga teg gca ttc cag tac ctg cct aaa etc cac aca eta tct 240 
Val Gly Arg Ser Ala Phe Gin Tyr Leu Pro Lys Leu His Thr Leu Ser 
65 70 75 80 

ctg aat ggt gee atg gac ate cag gag ttt cca gat etc aaa ggc ace 288 
Leu Asn Gly Ala Met Asp lie Gin Glu Phe Pro Asp Leu Lys Gly Thr 
85 90 95 

ace age ctg gag ate ctg ace ctg ace cgc gca ggc ate egg ctg etc 336 
Thr Ser Leu Glu lie Leu Thr Leu Thr Arg Ala Gly lie Arg Leu Leu 
100 105 110 

cca teg ggg atg tgc caa cag ctg ccc agg etc cga gtc ctg gaa ctg 384 
Pro Ser Gly Met Cys Gin Gin Leu Pro Arg Leu Arg Val Leu Glu Leu 
115 120 125 

tct cac aat caa att gag gag ctg ccc age ctg cac agg tgt cag aaa 432 
Ser His Asn Gin lie Glu Glu Leu Pro Ser Leu His Arg Cys Gin Lys 
130 135 140 

ttg gag gaa ate ggc etc caa cac aac cgc ate tgg gaa att gga get 480 
Leu Glu Glu lie Gly Leu Gin His Asn Arg lie Trp Glu He Gly Ala 
145 150 155 160 

gac ace ttc age cag ctg age tec ctg caa gee ctg gat ctt age tgg 528 
Asp Thr Phe Ser Gin Leu Ser Ser Leu Gin Ala Leu Asp Leu Ser Trp 
165 170 175 

aac gee ate egg tec ate cac cct gag gee ttc tec ace ctg cac tec 576 
Asn Ala He Arg Ser He His Pro Glu Ala Phe Ser Thr Leu His Ser 
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180 185 190 

ctg gtc aag ctg gac ctg aca gac aac cag ctg acc aca ctg ccc ctg 624 
Leu Val' Lys Leu Asp Leu Thr Asp Asn Gin Leu Thr Thr Leu Pro Leu 
195 200 205 

get gga ctt ggg ggc ttg atg cat ctg aag etc aaa ggg aac ctt get 672 
Ala Gly Leu Gly Gly Leu Met His Leu Lys Leu Lys Gly Asn Leu Ala 
210 215 220 

etc tec cag gec ttc tec aag gac agt ttc cca aaa ctg agg ate ctg 720 
Leu Ser Gin Ala Phe Ser Lys Asp Ser Phe Pro Lys Leu Arg lie Leu 
225 230 235 240 

gag gtg cct tat gee tac cag tgc tgt ccc tat ggg atg tgt gec age 768 
Glu Val Pro Tyr Ala Tyr Gin Cys Cys Pro Tyr Gly Met Cys Ala Ser 
245 . 250 255 

ttc ttc aag gec tct ggg cag tgg gag get gaa gac ctt cac ctt gat 816 
Phe Phe Lys Ala Ser Gly Gin Trp Glu Ala Glu Asp Leu His Leu Asp 
260 265 270 

gat gag gag tct tea aaa agg ccc ctg ggc etc ctt gee aga caa gca 864 
Asp Glu Glu Ser Ser Lys Arg Pro Leu Gly Leu Leu Ala Arg Gin Ala 
275 280 285 

gag aac cac tat gac cag gac ctg gat gag etc cag ctg gag atg gag 912 
Glu Asn His Tyr Asp Gin Asp Leu Asp Glu Leu Gin Leu Glu Met Glu 
290 295 300 

gac tea aag cca cac ccc agt gtc cag tgt age cct act cca ggc ccc 960 
Asp Ser Lys Pro His Pro Ser Val Gin Cys Ser Pro Thr Pro Gly Pro 
305 310 315 320 

ttc aag ccc tgt gag tac etc ttt gaa age tgg ggc ate cgc ctg gee 1008 
Phe Lys Pro Cys Glu Tyr Leu Phe Glu Ser Trp Gly lie Arg Leu Ala 
325 330 335 

gtg tgg gee ate gtg ttg etc tec gtg etc tgc aat gga ctg gtg ctg 1056 
Val Trp Ala lie Val Leu Leu Ser Val Leu Cys Asn Gly Leu Val Leu 
340 345 350 

ctg acc gtg ttc get ggc ggg cct gee ccc ctg ccc ccg gtc aag ttt 1104 
Leu Thr Val Phe Ala Gly Gly Pro Ala Pro Leu Pro Pro Val Lys Phe 
355 360. 365 

gtg gta ggt gcg att gca ggc gee aac acc ttg act ggc att tec tgt 1152 
Val Val Gly Ala He Ala Gly Ala Asn Thr Leu Thr Gly He Ser Cys 
370 375 380 

ggc ctt eta gec tea gtc gat gee ctg acc ttt ggt cag ttc tct gag 1200 
Gly Leu Leu Ala Ser Val Asp Ala Leu Thr Phe Gly Gin Phe Ser Glu 
385 390 395 400 

tac gga gee cgc tgg gag acg ggg eta ggc tgc egg gee act ggc ttc 1248 
Tyr Gly Ala Arg Trp Glu Thr Gly Leu Gly Cys Arg Ala Thr Gly Phe 
405 410 415 
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ctg gca gta ctt ggg teg gag gca teg gtg ctg ctg etc act ctg gee 1296 
Leu Ala Val Leu Gly Ser Glu Ala Ser Val Leu Leu Leu Thr Leu Ala 
420 425 430 

gca gtg cag tgc age gtc tec gtc tec tgt gtc egg gee tat ggg aag 1344 
Ala Val Gin Cys Ser Val Ser Val Ser Cys Val Arg Ala Tyr Gly Lys 
435 440 445 

tec ccc tec ctg ggc age gtt cga gca ggg gtc eta ggc tgc ctg gca 13 92 
Ser Pro Ser Leu Gly Ser Val Arg Ala Gly Val Leu Gly Cys Leu Ala 
450 455 460 

ctg gca ggg ctg gee gee gca ctg ccc ctg gee tea gtg gga gaa tac 1440 
Leu Ala Gly Leu Ala Ala Ala Leu Pro Leu Ala Ser Val Gly Glu Tyr 
465 470 475 480 

ggg gee tec cca etc tgc ctg ccc tac gcg cca cct gag ggt cag cca 1488 
Gly Ala Ser Pro Leu Cys Leu Pro Tyr Ala Pro Pro Glu Gly Gin Pro 
485 490 495 

gca gee ctg ggc ttc acc gtg gee ctg gtg atg atg aac tec ttc tgt 1536 
Ala Ala Leu Gly Phe Thr Val Ala Leu Val Met Met Asn Ser Phe Cys 
500 505 510 

ttc ctg gtc gtg gee ggt gee tac ate aaa ctg tac tgt gac ctg ccg 1584 
Phe Leu Val Val Ala Gly Ala Tyr lie Lys Leu Tyr Cys Asp Leu Pro 
515 520 525 

egg ggc gac ttt gag gee gtg tgg gac tgc gee atg gtg agg cac gtg 1632 
Arg Gly Asp Phe Glu Ala Val Trp Asp Cys Ala Met Val Arg His Val 
530 535 540 

gec tgg etc ate ttc gca gac ggg etc etc tac tgt ccc gtg gee ttc 1680 
Ala Trp Leu lie Phe Ala Asp Gly Leu Leu Tyr Cys Pro Val Ala Phe 
545 550 555 560 

etc age ttc gee tec atg ctg ggc etc ttc cct gtc acg ccc gag gee 172 8 
Leu Ser Phe Ala Ser Met Leu Gly Leu Phe Pro Val Thr Pro Glu Ala 
565 570 575 

gtc aag tct gtc ctg ctg gtg gtg ctg ccc ctg cct gee tgc etc aac 1776 
Val Lys Ser Val Leu Leu Val Val Leu Pro Leu Pro Ala Cys Leu Asn 
580 585 590 

cca ctg ctg tac ctg etc ttc aac ccc cac ttc egg gat gac ctt egg 1824 
Pro Leu Leu Tyr Leu Leu Phe Asn Pro His Phe Arg Asp Asp Leu Arg 
595 600 605 

egg ctt egg ccc cgc gca ggg gac tea ggg ccc eta gee tat get gcg 1872 
Arg Leu Arg Pro Arg Ala Gly Asp Ser Gly Pro Leu Ala Tyr Ala Ala 
610 615 620 

gee ggg gag ctg gag aag age tec tgt gat tct acc cag gee ctg gta 1920 
Ala Gly Glu Leu Glu Lys Ser Ser Cys Asp Ser Thr Gin Ala Leu Val 
625 630 635 640 
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gcc ttc tct gat gtg gat etc att ctg gaa get tct gaa get ggg egg 1968 
Ala Phe Ser Asp Val Asp Leu He Leu Glu Ala Ser Glu Ala Gly Arg 
645 650 655 

ccc cct ggg ctg gag acc tat ggc ttc ccc tea gtg acc etc ate tec 2016 
Pro Pro Gly Leu Glu Thr Tyr Gly Phe Pro Ser Val Thr Leu He Ser 
660 665 670 

tgt cag cag cca ggg gcc ccc agg ctg gag ggc age cat tgt gta gag 2064 
Cys Gin Gin Pro Gly Ala Pro Arg Leu Glu Gly Ser His Cys Val Glu 
675 680 685 

cca gag ggg aac cac ttt ggg aac ccc caa ccc tec atg gat gga gaa 2112 
Pro Glu Gly Asn His Phe Gly Asn Pro Gin Pro Ser Met Asp Gly Glu 
690 695 700 

ctg ctg ctg agg gca gag gga tct acg cca gca ggt gga ggc ttg tea 2160 
Leu Leu Leu Arg Ala Glu Gly Ser Thr Pro Ala Gly Gly Gly Leu Ser 
705 710 715 720 

ggg ggt ggc ggc ttt cag ccc tct ggc ttg gcc ttt get tea cac gtg 2208 
Gly Gly Gly Gly Phe Gin Pro Ser Gly Leu Ala Phe Ala Ser His Val 





725 




730 




735 


taaatatccc 


tccccattct 


tctcttcccc 


tctcttccct 


ttcctctctc 


cccctcggtg 2268 


aatgatggct 


gcttctaaaa 


caaatacaac 


caaaactcag 


cagtgtgatc 


tatagcagga 232 8 


tggcccagta 


cctggctcca 


ctgatcacct 


ctctcctgtg 


accatcacca 


aegggtgect 2388 


cttggcctgg 


ctttcccttg 


gccttcctca 


gcttcacctt 


gatactgggc 


ctcttccttg 2448 


tcatgtctga 


agctgtggac 


cagagacctg 


gacttttgtc 


tgcttaaggg 


aaatgaggga 2508 


agtaaagaca 


gtgaaggggt 


ggagggttga 


tcagggcaca 


gtggacaggg 


agacctcaca 2568 


gagaaaggee 


tggaaggtga 


tttcccgtgt. 


gactcatgga 


taggatacaa 


aatgtgttcc 2628 


atgtaccatt 


aatcttgaca 


tatgecatge 


ataaagactt 


cctattaaaa 


taagctttgg 2 688 


aagagattaa 


aaaaaaaaaa 


aaa 






2711 



<210> 8 
<211> 736 
<212> PRT 

<213> Homo sapiens 
<400> 8 

Gly Leu His Asn Leu Glu Thr Leu Asp Leu Asn Tyr Asn Lys Leu Gin 
15 10 15 

Glu Phe Pro Val Ala He Arg Thr Leu Gly Arg Leu Gin Glu Leu Gly 
20 25 30 

Phe His Asn Asn Asn He Lys Ala He Pro Glu Lys Ala Phe Met Gly 
35 40 45 
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Asn Pro Leu Leu Gin Thr lie His Phe Tyr Asp Asn Pro lie Gin Phe 
50 55 60 

Val Gly Arg Ser Ala Phe Gin Tyr Leu Pro Lys Leu His Thr Leu Ser 
65 70 75 80 

Leu Asn Gly Ala Met Asp lie Gin Glu Phe Pro Asp Leu Lys Gly Thr 
85 90 95 

Thr Ser Leu Glu lie Leu Thr Leu Thr Arg Ala Gly He Arg Leu Leu 
100 105 110 

Pro Ser Gly Met Cys Gin Gin Leu Pro Arg Leu Arg Val Leu Glu Leu 
115 120 125 

Ser His Asn Gin He Glu Glu Leu Pro Ser Leu His Arg Cys Gin Lys 
130 135 140 

Leu Glu Glu He Gly Leu Gin His Asn Arg He Trp Glu He Gly Ala 
145 150 % 155 160 

Asp Thr Phe Ser Gin Leu Ser Ser Leu Gin Ala Leu Asp Leu Ser Trp 
165 170 175 

Asn Ala He Arg Ser He His Pro Glu Ala Phe Ser Thr Leu His Ser 
180 185 190 

Leu Val Lys Leu Asp Leu Thr Asp Asn Gin Leu Thr Thr Leu Pro Leu 
195 200 205 

Ala Gly Leu Gly Gly Leu Met His Leu Lys Leu Lys Gly Asn Leu Ala 
210 215 220 

Leu Ser Gin Ala Phe Ser Lys Asp Ser Phe Pro Lys Leu Arg He Leu 
225 230 235 240 

Glu Val Pro Tyr Ala Tyr Gin Cys Cys Pro Tyr Gly Met Cys Ala Ser 
245 250 255 

Phe Phe Lys Ala Ser Gly Gin Trp Glu Ala Glu Asp Leu His Leu Asp 
260 265 270 

Asp Glu Glu Ser Ser Lys Arg Pro Leu Gly Leu Leu Ala Arg Gin Ala 
275 280 285 

Glu Asn His Tyr Asp Gin Asp Leu Asp Glu Leu Gin Leu Glu Met Glu 
290 295 300 

Asp Ser Lys Pro His Pro Ser Val Gin Cys Ser Pro Thr Pro Gly Pro 
305 310 315 320 

Phe Lys Pro Cys Glu Tyr Leu Phe Glu Ser Trp Gly He Arg Leu Ala 
325 330 335 



Val Trp Ala He Val Leu Leu Ser Val Leu Cys Asn Gly Leu Val Leu 
340 345 350 
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Leu Thr Val Phe Ala Gly Gly Pro Ala Pro Leu Pro Pro Val Lys Phe 
355 360 365 

Val Val Gly Ala He Ala Gly Ala Asn Thr Leu Thr Gly He Ser Cys 
370 375 380 

Gly Leu Leu Ala Ser Val Asp Ala Leu Thr Phe Gly Gin Phe Ser Glu 
385 390 395 400 

Tyr Gly Ala Arg Trp Glu Thr. Gly Leu Gly Cys Arg Ala Thr Gly Phe 
405 410 415 

Leu Ala Val Leu Gly Ser Glu Ala Ser Val Leu Leu Leu Thr Leu Ala 
420 425 430 

Ala Val Gin Cys Ser Val Ser Val Ser Cys Val Arg Ala Tyr Gly Lys 
435 440 445 

Ser Pro Ser Leu Gly Ser Val Arg Ala Gly Val Leu Gly Cys Leu Ala 
450 455 460 

Leu Ala Gly Leu Ala Ala Ala Leu Pro Leu Ala Ser Val Gly Glu Tyr 
465 470 475 480 

Gly Ala Ser Pro Leu Cys Leu Pro Tyr Ala Pro Pro Glu Gly Gin Pro 
485 490 495 

Ala Ala Leu Gly Phe Thr Val Ala Leu Val Met Met Asn Ser Phe Cys 
500 505 510 

Phe Leu Val Val Ala Gly Ala Tyr He Lys Leu Tyr Cys Asp Leu Pro 
515 520 525 

Arg Gly Asp Phe Glu Ala Val Trp Asp Cys Ala Met Val Arg His Val 
530 535 540 

Ala Trp Leu He Phe Ala Asp Gly Leu Leu Tyr Cys Pro Val Ala Phe 
545 550 555 560 

Leu Ser Phe Ala Ser Met Leu Gly Leu Phe Pro Val Thr Pro Glu Ala 
565 570 575 

Val Lys Ser Val Leu Leu Val Val Leu Pro Leu Pro Ala Cys Leu Asn 
580 585 590 

Pro Leu Leu Tyr Leu Leu Phe Asn Pro His Phe Arg Asp Asp Leu Arg 
595 600 605 

Arg Leu Arg Pro Arg Ala Gly Asp Ser Gly Pro Leu Ala Tyr Ala Ala 
610 615 620 

Ala Gly Glu Leu Glu Lys Ser Ser Cys Asp Ser Thr Gin Ala Leu Val 
625 630 635 640 



Ala Phe Ser Asp Val Asp Leu He Leu Glu Ala Ser Glu Ala Gly Arg 
645 650 655 



WO 01/85768 



29 



PCTAJS01/15002 



Pro Pro Gly Leu Glu Thr Tyr Gly Phe Pro Ser Val Thr Leu He Ser 
660 665 670 

Cys Gin Gin Pro Gly Ala Pro Arg Leu Glu Gly Ser His Cys Val Glu 
675 680 685 

Pro Glu Gly Asn His Phe Gly Asn Pro Gin Pro Ser Met Asp Gly Glu 
690 695 700 

Leu Leu Leu Arg Ala Glu Gly Ser Thr Pro Ala Gly Gly Gly Leu Ser 
705 710 715 720 

Gly Gly Gly Gly Phe Gin Pro Ser Gly Leu Ala Phe Ala Ser His Val 
725 730 735 



<210> 9 

<211> 2208 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> CDS 

<222> (1) . . (2208) 

<400> 9 

ggg ctg cac aat ctg gag aca eta gac ctg aat tat aac aag ctg cag 48 

Gly Leu His Asn Leu Glu Thr Leu Asp Leu Asn Tyr Asn Lys Leu Gin 

15 10 15 

gag ttc cct gtg gec ate egg ace ctg ggc aga ctg cag gaa ctg ggg 96 
Glu Phe Pro Val Ala He Arg Thr Leu Gly Arg Leu Gin Glu Leu Gly 
20 25 30 

ttc cat aac aac aac ate aag gee ate cca gaa aag gee ttc atg ggg 144 
Phe His Asn Asn Asn He Lys Ala He Pro Glu Lys Ala Phe Met Gly 
35 40 45 

aac cct ctg eta cag acg ata cac ttt tat gat aac cca ate cag ttt 192 
Asn Pro Leu Leu Gin Thr He His Phe Tyr Asp Asn Pro He Gin Phe 
50 55 60 

.gtg gga aga teg gca ttc cag tac ctg cct aaa etc cac aca eta tct 240 
Val Gly Arg Ser Ala Phe Gin Tyr Leu Pro Lys Leu His Thr Leu Ser 
65 70 75 80 

ctg aat ggt gee atg gac ate cag gag ttt cca gat etc aaa ggc ace 288 
Leu Asn Gly Ala Met Asp He Gin Glu Phe Pro Asp Leu Lys Gly Thr 
85 90 95 

ace age ctg gag ate ctg ace ctg ace cgc gca ggc ate egg ctg etc 336 
Thr Ser Leu Glu lie Leu Thr Leu Thr Arg Ala Gly He Arg Leu Leu 
100 105 110 

cca teg ggg atg tgc caa cag ctg ccc agg etc cga gtc ctg gaa ctg 384 
Pro Ser Gly Met Cys Gin Gin Leu Pro Arg Leu Arg Val Leu Glu Leu 
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115 120 125 

tct cac aat caa att gag gag ctg ccc age ctg cac agg tgt cag aaa 432 
Ser His Asn Gin lie Glu Glu Leu Pro Ser Leu His Arg Cys Gin Lys 
130 135 140 

ttg gag gaa ate ggc etc caa cac aac cgc ate tgg gaa att gga get 480 
Leu Glu Glu He Gly Leu Gin His Asn Arg He Trp Glu He Gly Ala 
145 150 155 160 

gac ace ttc age cag ctg age tec ctg caa gee ctg gat ctt age tgg 528 
Asp Thr Phe Ser Gin Leu Ser Ser Leu Gin Ala Leu Asp Leu Ser Trp 
165 170 175 

aac gee ate egg tec ate cac cct gag gee ttc tec ace ctg cac tec 576 
Asn Ala He Arg Ser He His Pro Glu Ala Phe Ser Thr Leu His Ser 
180 185 190 

ctg gtc aag ctg gac ctg aca gac aac cag ctg ace aca ctg ccc ctg 624 
Leu Val Lys Leu Asp Leu Thr Asp Ash Gin Leu Thr Thr Leu Pro Leu 
195 200 205 

get gga ctt ggg ggc ttg atg cat ctg aag etc aaa ggg aac ctt get 672 
Ala Gly Leu Gly Gly Leu Met His Leu Lys Leu Lys Gly Asn Leu Ala 
210 215 220 

etc tec cag gee ttc tec aag gac agt ttc cca aaa ctg agg ate ctg 720 
lieu Ser Gin Ala Phe Ser Lys Asp Ser Phe Pro Lys Leu Arg He Leu 
225 230 235 240 

gag gtg cct tat gee tac cag tgc tgt ccc tat ggg atg tgt gee age 768 
Glu Val Pro Tyr Ala Tyr Gin Cys Cys Pro Tyr Gly Met Cys Ala Ser 
245 250 255 

ttc ttc aag gee tct ggg cag tgg gag get gaa gac ctt cac ctt gat 816 
Phe Phe Lys Ala Ser Gly Gin Trp Glu Ala Glu Asp Leu His Leu Asp 
260 265 270 

gat gag gag tct tea aaa agg ccc ctg ggc etc ctt gee aga caa gca 864 
Asp Glu Glu Ser Ser Lys Arg Pro Leu Gly Leu Leu Ala Arg Gin Ala 
275 280 285 

gag aac cac tat gac cag gac ctg gat gag etc cag ctg gag atg gag 912 
Glu Asn His Tyr Asp Gin Asp Leu Asp Glu Leu Gin Leu Glu Met Glu 
290 295 300 

gac tea aag cca cac ccc agt gtc cag tgt age cct act cca ggc ccc 960 
Asp Ser Lys Pro His Pro Ser Val Gin Cys Ser Pro Thr Pro Gly Pro 
305 310 315 320 

ttc aag ccc tgt gag tac etc ttt gaa age tgg ggc ate cgc ctg gee 1008 
Phe Lys Pro Cys Glu Tyr Leu Phe Glu Ser Trp Gly He Arg Leu Ala 
325 330 335 

gtg tgg gee ate gtg ttg etc tec gtg etc tgc aat gga ctg gtg ctg 1056 
Val Trp Ala He Val Leu Leu Ser Val Leu Cys Asn Gly Leu Val Leu 
340 345 350 
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ctg acc gtg ttc get ggc ggg cct gec ccc ctg ccc ccg gtc aag ttt 1104 
Leu Thr Val Phe Ala Gly Gly Pro Ala Pro Leu Pro Pro Val Lys Phe 
355 360 365 

gtg gta ggt gcg att gca ggc gec aac acc ttg act ggc att tec tgt 1152 
Val Val Gly Ala He Ala Gly Ala Asn Thr Leu Thr Gly He Ser Cys 
370 375 380 

ggc ctt eta gee tea gtc gat gee ctg acc ttt ggt cag ttc tct gag 1200 
Gly Leu Leu Ala Ser Val Asp Ala Leu Thr Phe Gly Gin Phe Ser Glu 
385 390 395 400 

tac gga gee cgc tgg gag acg ggg eta ggc tgc egg gee act ggc ttc 1248 
Tyr Gly Ala Arg Trp Glu Thr Gly Leu Gly Cys Arg Ala Thr Gly Phe 
405 410 415 

ctg gca gta ctt ggg teg gag gca teg gtg ctg ctg etc act ctg gee 1296 
Leu Ala Val Leu Gly Ser Glu Ala Ser Val Leu Leu Leu Thr Leu Ala 
420 425 430 

gca gtg cag tgc age gtc tec gtc tec tgt gtc egg gee tat ggg aag 13 44 
Ala Val Gin Cys Ser Val Ser Val Ser Cys Val Arg Ala Tyr Gly Lys 
435 440 445 

tec ccc tec ctg ggc age gtt cga gca ggg gtc eta ggc tgc ctg gca 1392 
Ser Pro Ser Leu Gly Ser Val Arg Ala Gly Val Leu Gly Cys Leu Ala 
450 455 460 

ctg gca ggg ctg gee gee gca ctg ccc ctg gee tea gtg gga gaa tac 1440 
Leu Ala Gly Leu Ala Ala Ala Leu Pro Leu Ala Ser Val Gly Glu Tyr 
465 470 475 480 

999 gee tec cca etc tgc ctg ccc tac gcg cca cct gag ggt cag cca 1488 
Gly Ala Ser Pro Leu Cys Leu Pro Tyr Ala Pro Pro Glu Gly Gin Pro 
485 490 495 

gca gee ctg ggc ttc acc gtg gee ctg gtg atg atg aac tec ttc tgt 153 6 
Ala Ala Leu Gly Phe Thr Val Ala Leu Val Met Met Asn Ser Phe Cys 
500 505 510 

ttc ctg gtc gtg gee ggt gee tac ate aaa ctg tac tgt gac ctg ccg 1584 
Phe Leu Val Val Ala Gly Ala Tyr He Lys Leu Tyr Cys Asp Leu Pro 
515 520 525 

egg ggc gac ttt gag gee gtg tgg gac tgc gee atg gtg agg cac gtg 1632 
Arg Gly Asp Phe Glu Ala Val Trp Asp Cys Ala Met Val Arg His Val 
530 535 540 

gee tgg etc ate ttc gca gac ggg etc etc tac tgt ccc gtg gee ttc 1680 
Ala Trp Leu He Phe Ala Asp Gly Leu Leu Tyr Cys Pro Val Ala Phe 
545 550 555 560 

etc age ttc gee tec atg ctg ggc etc ttc cct gtc acg ccc gag gee 1728 
Leu Ser Phe Ala Ser Met Leu Gly Leu Phe Pro Val Thr Pro Glu Ala 
565 570 575 
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gtc aag tct gtc ctg ctg gtg gtg ctg ccc ctg cct gcc tgc etc aac 1776 
Val Lys Ser Val Leu Leu Val Val Leu Pro Leu Pro Ala Cys Leu Asn 
580 585 590 

cca ctg ctg tac ctg etc ttc aac ccc cac ttc egg gat gac ctt egg 1824 
Pro Leu Leu Tyr Leu Leu Phe Asn Pro His Phe Arg Asp Asp Leu Arg 
595 600 605 

egg ctt egg ccc cgc gca ggg gac tea ggg ccc eta gcc tat get gcg 1872 
Arg Leu Arg Pro Arg Ala Gly Asp Ser Gly Pro Leu Ala Tyr Ala Ala 
610 615 620 

gcc ggg gag ctg gag aag age tec tgt gat tct ace cag gcc ctg gta 1920 
Ala Gly Glu Leu Glu Lys Ser Ser Cys Asp Ser Thr Gin Ala Leu Val 
625 630 635 640 

gcc ttc tct gat gtg gat etc att ctg gaa get tct gaa get ggg egg 1968 
Ala Phe Ser Asp Val Asp Leu He Leu Glu Ala Ser Glu Ala Gly Arg 
645 650 655 

ccc cct ggg ctg gag acc tat ggc ttc ccc tea gtg acc etc ate tec 2016 
Pro Pro Gly Leu Glu Thr Tyr Gly Phe Pro Ser Val Thr Leu He Ser 
660 665 670 

tgt cag cag cca ggg gcc ccc agg ctg gag ggc age cat tgt gta gag 2064 
Cys Gin Gin Pro Gly Ala Pro Arg Leu Glu Gly Ser His Cys Val Glu 
675 680 685 

cca gag ggg aac cac ttt ggg aac ccc caa ccc tec atg gat gga gaa 2112 
Pro Glu Gly Asn His Phe Gly Asn Pro Gin Pro Ser Met Asp Gly Glu 
690 695 700 

ctg ctg ctg agg gca gag gga tct acg cca gca ggt gga ggc ttg tea 2160 
Leu Leu Leu Arg Ala Glu Gly Ser Thr Pro Ala Gly Gly Gly Leu Ser 
705 710 715 720 

ggg ggt ggc ggc ttt cag ccc tct ggc ttg gcc ttt get tea cac gtg 2208 
Gly Gly Gly Gly Phe Gin Pro Ser Gly Leu Ala Phe Ala Ser His Val 
725 730 735 

<210> 10 

<211> 3492 

<212> DNA 

<213> Homo sapiens 

<220> 
<221> CDS 

<222> (104) . . . (3004) 
<400> 10 

ccgccsgcgg tgcagcccgc egggaceggg aggeggcage tgcggccacc gcgccgtgcg 60 

tccgcgcccg gccgccaggt gccccagtag cccgaccgcc gag atg ccc age ccg 115 

Met Pro Ser Pro 
1 

ccg ggg etc egg gcg eta tgg ctt tgc gcc gcg ctg tgc get tec egg 163 



WO 01/85768 



33 



PCMJS01/15002 



Pro Gly Leu Arg Ala Leu Trp Leu Cys Ala Ala Leu Cys Ala Ser Arg 
5 10 15 20 

agg gcc ggc ggc gcc ccc cag ccc ggc ccg ggg ccc acc gcc tgc ccg 211 
Arg Ala Gly Gly Ala Pro Gin Pro Gly Pro Gly Pro Thr Ala Cys Pro 
25 30 35 

gcc ccc tgc cac tgc cag gag gac ggc ate atg ctg tct gcc gac tgc 259 
Ala Pro Cys His Cys Gin Glu Asp Gly lie Met Leu Ser Ala Asp Cys 
40 45 50 

tct gag etc ggg ctg tec gcc gtt ccg ggg gac ctg gac ccc ctg acg 307 
Ser Glu Leu Gly Leu Ser Ala Val Pro Gly Asp Leu Asp Pro Leu Thr 
55 60 65 

get tac ctg gac etc age atg aac aac etc aca gag ctt cag cct ggc 355 
Ala Tyr Leu Asp Leu Ser Met Asn Asn Leu Thr Glu Leu Gin Pro Gly 
70 75 80 

etc ttc cac cac ctg cgc ttc ttg gag gag ctg cgt etc tct ggg aac 403 
Leu Phe His His Leu Arg Phe Leu Glu Glu Leu Arg Leu Ser Gly Asn 
85 90 95 100 

cat etc tea cac ate cca gga caa gca ttc tct ggt etc tac age ctg 451 
His Leu Ser His lie Pro Gly Gin Ala Phe Ser Gly Leu Tyr Ser Leu 
105 110 115 

aaa ate ctg atg ctg cag aac aat cag ctg gga gga ate ccc gca gag 499 
Lys lie Leu Met Leu Gin Asn Asn Gin Leu Gly Gly He Pro Ala Glu 
120 125 130 

gcg ctg tgg gag ctg ccg age ctg cag teg ctg cgc eta gat gcc aac 547 
Ala Leu Trp Glu Leu Pro Ser Leu Gin Ser Leu Arg Leu Asp Ala Asn 
135 140 145 

etc ate tec ctg gtc ccg gag agg age ttt gag ggg ctg tec tec etc 595 
Leu He Ser Leu Val Pro Glu Arg Ser Phe Glu Gly Leu Ser Ser Leu 
150 155 160 

cgc cac etc tgg ctg gac gac aat gca etc acg gag ate cct gtc agg 643 
Arg His Leu Trp Leu Asp Asp Asn Ala Leu Thr Glu He Pro Val Arg 
165 170 175 180 

gcc etc aac aac etc cct gcc ctg cag gcc atg acc ctg gcc etc aac 691 
Ala Leu Asn Asn Leu Pro Ala Leu Gin Ala Met Thr Leu Ala Leu Asn 
185 190 195 

cgc ate age cac ate ccc gac tac gcg ttc cag aat etc acc age ctt 739 
Arg He Ser His He Pro Asp Tyr Ala Phe Gin Asn Leu Thr Ser Leu 
200 205 210 

gtg gtg ctg cat ttg cat aac aac cgc ate cag cat ctg ggg acc cac 787 
Val Val Leu His Leu His Asn Asn Arg He Gin His Leu Gly Thr His 
215 220 225 



age ttc gag ggg ctg cac aat ctg gag aca eta gac ctg aat tat aac 
Ser Phe Glu Gly Leu His Asn Leu Glu Thr Leu Asp Leu Asn Tyr Asn 



835 
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230 235 240 

aag ctg cag gag ttc cct gtg gcc ate egg acc ctg ggc aga ctg cag 883 
Lys Leu Gin Glu Phe Pro Val Ala lie Arg Thr Leu Gly Arg Leu Gin 
245 250 255 260 

gaa ctg ggg ttc cat aac aac aac ate aag gcc ate cca gaa aag gcc 931 
Glu Leu Gly Phe His Asn Asn Asn lie Lys Ala lie Pro Glu Lys Ala 
265 270 275 

ttc atg ggg aac cct ctg eta cag acg ata cac ttt tat gat aac cca 979 
Phe Met Gly Asn Pro Leu Leu Gin Thr lie His Phe Tyr Asp Asn Pro 
280 285 290 

ate cag ttt gtg gga aga teg gca ttc cag tac ctg cct aaa etc cac 1027 
He Gin Phe Val Gly Arg Ser Ala Phe Gin Tyr Leu Pro Lys Leu His 
295 300 305 

aca eta tct ctg aat ggt gcc atg gac ate cag gag ttt cca gat etc 1075 
Thr Leu Ser Leu Asn Gly Ala Met Asp He Gin Glu Phe Pro Asp Leu 
310 315 320 

aaa ggc acc acc age ctg gag ate ctg acc ctg acc cgc gca ggc ate 1123 
Lys Gly Thr Thr Ser Leu Glu He Leu Thr Leu Thr Arg Ala Gly He 
325 330 335 340 

egg ctg etc cca teg ggg atg tgc caa cag ctg ccc agg etc cga gtc 1171 
Arg Leu Leu Pro Ser Gly Met Cys Gin Gin Leu Pro Arg Leu Arg Val 
345 350 355 

ctg gaa ctg tct cac aat caa att gag gag ctg ccc age ctg cac agg 1219 
Leu Glu Leu Ser His Asn Gin He Glu Glu Leu Pro Ser Leu His Arg 
360 365 370 

tgt cag aaa ttg gag gaa ate ggc etc caa cac aac cgc ate tgg gaa 1267 
Cys Gin Lys Leu Glu Glu He Gly Leu Gin His Asn Arg He Trp Glu 
375 380 385 

att gga get gac acc ttc age cag ctg age tec ctg caa gcc ctg gat 1315 
He Gly Ala Asp Thr Phe Ser Gin Leu Ser Ser Leu Gin Ala Leu Asp 
390 395 400 

ctt age tgg aac gcc ate egg tec ate cac cct gag gcc ttc tec acc 13 63 
Leu Ser Trp Asn Ala He Arg Ser He His Pro Glu Ala Phe Ser Thr 
405 410 415 420 

ctg cac tec ctg gtc aag ctg gac ctg aca gac aac cag ctg acc aca 1411 
Leu His Ser Leu Val Lys Leu Asp Leu Thr Asp Asn Gin Leu Thr Thr 
425 430 435 

ctg ccc ctg get gga ctt ggg ggc ttg atg cat ctg aag etc aaa ggg 1459 
Leu Pro Leu Ala Gly Leu Gly Gly Leu Met His Leu Lys Leu Lys Gly 
440 445 450 

aac ctt get etc tec cag gcc ttc tec aag gac agt ttc cca aaa ctg 1507 
Asn Leu Ala Leu Ser Gin Ala Phe Ser Lys Asp Ser Phe Pro Lys Leu 
455 460 465 
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agg ate ctg gag gtg cct tat gec tac cag tgc tgt ccc tat ggg atg 1555 
Arg lie Leu Glu Val Pro Tyr Ala Tyr Gin Cys Cys Pro Tyr Gly Met 
470 475 480 

tgt gec age ttc ttc aag gec tct ggg cag tgg gag get gaa gac ctt 1603 
Cys Ala Ser Phe Phe Lys Ala Ser Gly Gin Trp Glu Ala Glu Asp Leu 
485 490 495 500 

cac ctt gat gat gag gag tct tea aaa agg ccc ctg ggc etc ctt gee 1651 
His Leu Asp Asp Glu Glu Ser Ser Lys Arg Pro Leu Gly Leu Leu Ala 
505 510 515 

aga caa gca gag aac cac tat gac cag gac ctg gat gag etc cag ctg 1699 
Arg Gin Ala Glu Asn His Tyr Asp Gin Asp Leu Asp Glu Leu Gin Leu 
520 ~ 525 530 

gag atg gag gac tea aag cca cac ccc agt gtc cag tgt age cct act 1747 
Glu Met Glu Asp Ser Lys Pro His Pro Ser Val Gin Cys Ser Pro Thr 
535 540 545 

cca ggc ccc ttc aag ccc tgt gag tac etc ttt gaa age tgg ggc ate 1795 
Pro Gly Pro Phe Lys Pro Cys Glu Tyr Leu Phe Glu Ser Trp Gly He 
550 555 560 

cgc ctg gee gtg tgg gec ate gtg ttg etc tec gtg etc tgc aat gga 1843 
Arg Leu Ala Val Trp Ala He Val Leu Leu Ser Val Leu Cys Asn Gly 
565 570 575 580 

ctg gtg ctg ctg ace gtg ttc get ggc ggg cct gee ccc ctg ccc ccg 1891 
Leu Val Leu Leu Thr Val Phe Ala Gly Gly Pro Ala Pro Leu Pro Pro 
585 590 595 

gtc aag ttt gtg gta ggt gcg att gca ggc gee aac ace ttg act ggc 1939 
Val Lys Phe Val Val Gly Ala He Ala Gly Ala Asn Thr Leu Thr Gly 
600 605 610 

att tec tgt ggc ctt eta gec tea gtc gat gee ctg acc ttt ggt cag 1987 
He Ser Cys Gly Leu Leu Ala Ser Val Asp Ala Leu Thr Phe Gly Gin 
615 $ 620 625 

ttc tct gag tac gga gec cgc tgg gag acg ggg eta ggc tgc egg gee 2035 
Phe Ser Glu Tyr Gly Ala Arg Trp Glu Thr Gly Leu Gly Cys Arg Ala 
630 635 640 

act ggc ttc ctg gca gta ctt ggg teg gag gca teg gtg ctg ctg etc 2083 
Thr Gly Phe Leu Ala Val Leu Gly Ser Glu Ala Ser Val Leu Leu Leu 
645 650 655 660 

act ctg gee gca gtg cag tgc age gtc tec gtc tec tgt gtc egg gec 2131 
Thr Leu Ala Ala Val Gin Cys Ser Val Ser Val Ser Cys Val Arg Ala 
665 670 675 

tat ggg aag tec ccc tec ctg ggc age gtt cga gca ggg gtc eta ggc 2179 
Tyr Gly Lys Ser Pro Ser Leu Gly Ser Val Arg Ala Gly Val Leu Gly 
680 685 690 
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tgc ctg gca ctg gca ggg ctg gcc gcc gca ctg ccc ctg gcc tea gtg 2227 
Cys Leu Ala Leu Ala Gly Leu Ala Ala Ala Leu Pro Leu Ala Ser Val 
695 700 705 

gga gaa tac ggg gcc tec cca etc tgc ctg ccc tac gcg cca cct gag 2275 
Gly Glu Tyr Gly Ala Ser Pro Leu Cys Leu Pro Tyr Ala Pro Pro Glu 
710 715 720 

ggt cag cca gca gcc ctg ggc ttc acc gtg gcc ctg gtg atg atg aac 2323 
Gly Gin Pro Ala Ala Leu Gly Phe Thr Val Ala Leu Val Met Met Asn 
725 730 735 740 

tec ttc tgt ttc ctg gtc gtg gcc ggt gcc tac ate aaa ctg tac tgt 2371 
Ser Phe Cys Phe Leu Val Val Ala Gly Ala Tyr lie Lys Leu Tyr Cys 
745 750 755 

gac ctg ccg egg ggc gac ttt gag gcc gtg tgg gac tgc gcc atg gtg 2419 
Asp Leu Pro Arg Gly Asp Phe Glu Ala Val Trp Asp Cys Ala Met Val 
760 765 770 

agg cac gtg gcc tgg etc ate ttc gca gac ggg etc etc tac tgt ccc 2467 
Arg His Val Ala Trp Leu lie Phe Ala Asp Gly Leu Leu Tyr Cys Pro 
775 780 785 

gtg gcc ttc etc age ttc gcc tec atg ctg ggc etc ttc cct gtc acg 2515 
Val Ala Phe Leu Ser Phe Ala Ser Met Leu Gly Leu Phe Pro Val Thr 
790 795 800 

ccc gag gcc gtc aag tct gtc ctg ctg gtg gtg ctg ccc ctg cct gcc 2563 
Pro Glu Ala Val Lys Ser Val Leu Leu Val Val Leu Pro Leu Pro Ala 
805 810 815 820 

tgc etc aac cca ctg ctg tac ctg etc ttc aac ccc cac ttc egg gat 2611 
Cys Leu Asn Pro Leu Leu Tyr Leu Leu Phe Asn Pro His Phe Arg Asp 
825 830 835 

gac ctt egg egg ctt egg ccc cgc gca ggg gac tea ggg ccc eta gcc 2659 
Asp Leu Arg Arg Leu Arg Pro Arg Ala Gly Asp Ser Gly Pro Leu Ala 
840 845 850 

tat get gcg gcc ggg gag ctg gag aag age tec tgt gat tct acc cag 2707 
Tyr Ala Ala Ala Gly Glu Leu Glu Lys Ser Ser Cys Asp Ser Thr Gin 
855 860 865 

gcc ctg gta gcc ttc tct gat gtg gat etc att ctg gaa get tct gaa 2755 
Ala Leu Val Ala Phe Ser Asp Val Asp Leu lie Leu Glu Ala Ser Glu 
870 875 880 

get ggg egg ccc cct ggg ctg gag acc tat ggc ttc ccc tea gtg acc 2803 
Ala Gly Arg Pro Pro Gly Leu Glu Thr Tyr Gly Phe Pro Ser Val Thr 
885 890 895 900 

etc ate tec tgt cag cag cca ggg gcc ccc agg ctg gag ggc age cat 2851 
Leu He Ser Cys Gin Gin Pro Gly Ala Pro Arg Leu Glu Gly Ser His 
905 910 915 

tgt gta gag cca gag ggg aac cac ttt ggg aac ccc caa ccc tec atg 2899 
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Cys Val Glu Pro Glu Gly Asn His Phe Gly Asn Pro Gin Pro Ser Met 
920 925 930 

gat gga gaa ctg ctg ctg agg gca gag gga tct acg cca gca ggt gga 2947 
Asp Gly Glu Leu Leu Leu Arg Ala Glu Gly Ser Thr Pro Ala Gly Gly 
935 940 945 

ggc ttg tea ggg ggt ggc ggc ttt cag ccc tct ggc ttg gec ttt get 2995 
Gly Leu Ser Gly Gly Gly Gly Phe Gin Pro Ser Gly Leu Ala Phe Ala 
950 955 960 

tea cac gtg taaatatccc tccccattct tctcttcccc tctcttccct 3044 
Ser His Val 
965 . 



ttcctctctc 


cccctcggtg 


aatgatggct 


gcttctaaaa 


caaatacaac 


caaaactcag 


3104 


cagtgtgatc 


tatagcagga 


tggcccagta 


cctggctcca 


ctgatcacct 


ctctcctgtg 


3164 


accatcacca 


aegggtgect 


cttggcctgg ctttcccttg gccttcctca gcttcacctt 


3224 


gatactgggc 


ctcttccttg 


tcatgtctga 


agctgtggac 


caragacctg 


gacttttgtc 


3284 


tgcttaaggg 


aaatgaggga 


agtaaagaca gtgaaggggt 


ggagggttga 


tcagggcaca 


3344 


gtggacaggg 


agacctcaca 


raaaaaggee 


tggaaggkga 


tttcccgtgt 


gactcatggr 


3404 


taggawacaa 


aatgtgttcc 


atgtaccatt 


aatcttgaca 


tatgecatge 


ataaaractt 


3464 


cctattaaaa 


taagctttgg 


ragagatt 








3492 



<210> 11 

<211> 967 

<212> PRT 

<213> Homo sapiens 



<400> 11 

Met Pro Ser Pro Pro Gly Leu Arg Ala Leu Trp Leu Cys Ala Ala Leu 
15 10 15 

Cys Ala Ser Arg Arg Ala Gly Gly Ala Pro Gin Pro Gly Pro Gly Pro 
20 25 30 

Thr Ala Cys Pro Ala Pro Cys His Cys Gin Glu Asp Gly lie Met Leu 
35 40 45 

Ser Ala Asp Cys Ser Glu Leu Gly Leu Ser Ala Val Pro Gly Asp Leu 
50 55 60 

Asp Pro Leu Thr Ala Tyr Leu Asp Leu Ser Met Asn Asn Leu Thr Glu 
65 70 75 80 

Leu Gin Pro Gly Leu Phe His His Leu Arg Phe Leu Glu Glu Leu Arg 
85 90 95 

Leu Ser Gly Asn His Leu Ser His lie Pro Gly Gin Ala Phe Ser Gly 
100 105 110 
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Leu Tyr Ser Leu Lys lie Leu Met Leu Gin Asn Asn Gin Leu Gly Gly 
115 120 125 

lie Pro Ala Glu Ala Leu Trp Glu Leu Pro Ser Leu Gin Ser Leu Arg 
130 135 140 

Leu Asp Ala Asn Leu lie Ser Leu Val Pro Glu Arg Ser Phe Glu Gly 
145 150 155 160 

Leu Ser Ser Leu Arg His Leu Trp Leu Asp Asp Asn Ala Leu Thr Glu 
165 170 175 

lie Pro Val Arg Ala Leu Asn Asn Leu Pro Ala Leu Gin Ala Met Thr 
180 185 190 

Leu Ala Leu Asn Arg He Ser His He Pro Asp Tyr Ala Phe Gin Asn 
195 200 205 

Leu Thr Ser Leu Val Val Leu His Leu His Asn Asn Arg He Gin His 
210 215 220 

Leu Gly Thr His Ser Phe Glu Gly Leu His Asn Leu Glu Thr Leu Asp 
225 230 235 240 

Leu Asn Tyr Asn Lys Leu Gin Glu Phe Pro Val Ala He Arg Thr Leu 
245 250 255 

Gly Arg. Leu Gin Glu Leu Gly Phe His Asn Asn Asn He Lys Ala He 
260 265 270 

Pro Glu Lys Ala Phe Met Gly Asn Pro Leu Leu Gin Thr He His Phe 
275 280 285 

Tyr Asp Asn Pro He Gin Phe Val Gly Arg Ser Ala Phe Gin Tyr Leu 
290 295 300 

Pro Lys Leu His Thr Leu Ser Leu Asn Gly Ala Met Asp He Gin Glu 
305 310 315 320 

Phe Pro Asp Leu Lys Gly Thr Thr Ser Leu Glu He Leu Thr Leu Thr 
325 330 335 

Arg Ala Gly He Arg Leu Leu Pro Ser Gly Met Cys Gin Gin Leu Pro 
340 345 350 

Arg Leu Arg Val Leu Glu Leu Ser His Asn Gin He Glu Glu Leu Pro 
355 360 365 

v 

Ser Leu His Arg Cys Gin Lys Leu Glu Glu He Gly Leu Gin His Asn 
370 375 380 

Arg He Trp Glu He Gly Ala Asp Thr Phe Ser Gin Leu Ser Ser Leu 
385 390 395 400 



Gin Ala Leu Asp Leu Ser Trp Asn Ala He Arg Ser He His Pro Glu 
405 410 415 
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Ala Phe Ser Thr Leu His Ser Leu Val Lys Leu Asp Leu Thr Asp Asn 
420 425 430 

Gin Leu Thr Thr Leu Pro Leu Ala Gly Leu Gly Gly Leu Met His Leu 
435 440 445 

Lys Leu Lys Gly Asn Leu Ala Leu Ser Gin Ala Phe Ser Lys Asp Ser 
450 455 460 

Phe Pro Lys Leu Arg lie Leu Glu Val Pro Tyr Ala Tyr Gin Cys Cys 
465 470 475 480 

Pro Tyr Gly Met Cys Ala Ser Phe Phe Lys Ala Ser Gly Gin Trp Glu 
485 490 495 

Ala Glu Asp Leu His Leu Asp Asp Glu Glu Ser Ser Lys Arg Pro Leu 
500 505 510 

Gly Leu Leu Ala Arg Gin Ala Glu Asn His Tyr Asp Gin Asp Leu Asp 
515 520 525 

Glu Leu Gin Leu Glu Met Glu Asp Ser Lys Pro His Pro Ser Val Gin 
530 535 540 

Cys Ser Pro Thr Pro Gly Pro Phe Lys Pro Cys Glu Tyr Leu Phe Glu 
545 550 555 560 

Ser Trp Gly lie Arg Leu Ala Val Trp Ala lie Val Leu Leu Ser Val 
565 570 575 

Leu Cys Asn Gly Leu Val Leu Leu Thr Val Phe Ala Gly Gly Pro Ala 
580 585 590 

Pro Leu Pro Pro Val Lys Phe Val Val Gly Ala lie Ala Gly Ala Asn 
595 600 605 

Thr Leu Thr Gly lie Ser Cys Gly Leu Leu Ala Ser Val Asp Ala Leu 
. 610 615 620 

Thr Phe Gly Gin Phe Ser Glu Tyr Gly Ala Arg Trp Glu Thr Gly Leu 
625 630 635 640 

Gly Cys Arg Ala Thr Gly Phe Leu Ala Val Leu Gly Ser Glu Ala Ser 
645 650 655 

Val Leu Leu Leu Thr Leu Ala Ala Val Gin Cys Ser Val Ser Val Ser 
660 665 670 

Cys Val Arg Ala Tyr Gly Lys Ser Pro Ser Leu Gly Ser Val Arg Ala 
675 680 685 

Gly Val Leu Gly Cys Leu Ala Leu Ala Gly Leu Ala Ala Ala Leu Pro 
690 695 700 



Leu Ala Ser Val Gly Glu Tyr Gly Ala Ser Pro Leu Cys Leu Pro Tyr 
705 710 715 720 
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Ala Pro Pro Glu Gly Gin Pro Ala Ala Leu Gly Phe Thr Val Ala Leu 
725 730 735 

Val Met Met Asn Ser Phe Cys Phe Leu Val Val Ala Gly Ala Tyr He 
740 745 750 

Lys Leu Tyr Cys Asp Leu Pro Arg Gly Asp Phe Glu Ala Val Trp Asp 
755 760 765 

Cys Ala Met Val Arg His Val Ala Trp Leu He Phe Ala Asp Gly Leu 
770 775 780 

Leu Tyr Cys Pro Val Ala Phe Leu Ser Phe Ala Ser Met Leu Gly Leu 
785 790 • 795 800 

Phe Pro Val Thr Pro Glu Ala Val Lys Ser Val Leu Leu Val Val Leu 
805 810 815 

Pro Leu Pro Ala Cys Leu Asn Pro Leu Leu Tyr Leu Leu Phe Asn Pro 
820 825 830 

His Phe Arg Asp Asp Leu Arg Arg Leu Arg Pro Arg Ala Gly Asp Ser 
835 840 845 

Gly Pro Leu Ala Tyr Ala Ala Ala Gly Glu Leu Glu Lys Ser Ser Cys 
850 855 860 

Asp Ser Thr Gin Ala Leu Val Ala Phe Ser Asp Val Asp Leu He Leu 
865 870 875 880 

Glu Ala Ser Glu Ala Gly Arg Pro Pro Gly Leu Glu Thr Tyr Gly Phe 
885 890 895 

Pro Ser Val Thr Leu He Ser Cys Gin Gin Pro Gly Ala Pro Arg Leu 
900 905 910 

Glu Gly Ser His Cys Val Glu Pro Glu Gly Asn His Phe Gly Asn Pro 
915 920 925 

Gin Pro Ser Met Asp Gly Glu Leu Leu Leu Arg Ala Glu Gly Ser Thr 
930 935 940 

Pro Ala Gly Gly Gly Leu Ser Gly Gly Gly Gly Phe Gin Pro Ser Gly 
945 950 955 960 

Leu Ala Phe Ala Ser His Val 
965 

<210> 12 

<211> 2901 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> CDS 

<222> (1) . . . (2901) 
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<400> 12 

atg ccc age ccg ccg ggg etc egg gcg eta tgg ctt tgc gee gcg ctg 48 

Met Pro Ser Pro Pro Gly Leu Arg Ala Leu Trp Leu Cys Ala Ala Leu 
15 10 15 

tgc get tec egg agg gee ggc ggc gee ccc cag ccc ggc ccg ggg ccc 96 
Cys Ala Ser Arg Arg Ala Gly Gly Ala Pro Gin Pro Gly Pro Gly Pro 
20 25 30 

acc gec tgc ccg gec ccc tgc cac tgc cag gag gac ggc ate atg ctg 144 
Thr Ala Cys Pro Ala Pro Cys His Cys Gin Glu Asp Gly lie Met Leu 
35 40 45 

tct gec gac tgc tct gag etc ggg ctg tec gec gtt ccg ggg gac ctg 192 
Ser Ala Asp Cys Ser Glu Leu Gly Leu Ser Ala Val Pro Gly Asp Leu 
50 55 60 

gac ccc ctg acg get tac ctg gac etc age atg aac aac etc aca gag 240 
Asp Pro Leu Thr Ala Tyr Leu Asp Leu Ser Met Asn Asn Leu Thr Glu 
65 70 75 80 

ctt cag cct ggc etc ttc cac cac ctg cgc ttc ttg gag gag ctg cgt 288 
Leu Gin Pro Gly Leu Phe His His Leu Arg Phe Leu Glu Glu Leu Arg 
85 90 95 

etc tct ggg aac cat etc tea cac ate cca gga caa gca ttc tct ggt 336 
*Leu Ser Gly Asn His Leu Ser His lie Pro Gly Gin Ala Phe Ser Gly 
100 105 110 

etc tac age ctg aaa ate ctg atg ctg cag aac aat cag ctg gga gga 384 
Leu Tyr Ser Leu Lys lie Leu Met Leu Gin Asn Asn Gin Leu Gly Gly 
115 120 125 

ate ccc gca gag gcg ctg tgg gag ctg ccg age ctg cag teg ctg cgc 432 
He Pro Ala Glu Ala Leu Trp Glu Leu Pro Ser Leu Gin Ser Leu Arg 
130 135 140 

eta gat gee aac etc ate tec ctg gtc ccg gag agg age ttt gag ggg 480 
Leu Asp Ala Asn Leu He Ser Leu Val Pro Glu Arg Ser Phe Glu Gly 
145 150 155 160 

ctg tec tec etc cgc cac etc tgg ctg gac gac aat gca etc acg gag 528 
Leu Ser Ser Leu Arg His Leu Trp Leu Asp Asp Asn Ala Leu Thr Glu 
165 170 175 

ate cct gtc agg gee etc aac aac etc cct gee ctg cag gee atg acc 576 
He Pro Val Arg Ala Leu Asn Asn Leu Pro Ala Leu Gin Ala Met Thr 
180 185 190 

ctg gee etc aac cgc ate age cac ate ccc gac tac gcg ttc cag aat 624 
Leu Ala Leu Asn Arg He Ser His He Pro Asp Tyr Ala Phe Gin Asn 
195 200 205 

etc acc age ctt gtg gtg ctg cat ttg cat aac aac cgc ate cag cat 672 
Leu Thr Ser Leu Val Val Leu His Leu His Asn Asn Arg He Gin His 
210 215 220 
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ctg ggg acc cac age ttc gag ggg ctg cac aat ctg gag aca eta gac 720 
Leu Gly Thr His Ser Phe Glu Gly Leu His Asn Leu Glu Thr Leu Asp 
225 230 235 240 

ctg aat tat aac aag ctg cag gag ttc cct gtg gee ate egg acc ctg 768 
Leu Asn Tyr Asn Lys Leu Gin Glu Phe Pro Val Ala lie Arg Thr Leu 
245 250 255 

ggc aga ctg cag gaa ctg ggg ttc cat aac aac aac ate aag gee ate 816 
Gly Arg Leu Gin Glu Leu Gly Phe His Asn Asn Asn lie Lys Ala lie 
260 265 270 

cca gaa aag gee ttc atg ggg aac cct ctg eta cag acg ata cac ttt 864 
Pro Glu Lys Ala Phe Met Gly Asn Pro Leu Leu Gin Thr lie His Phe 
275 280 285 

tat gat aac cca ate cag ttt gtg gga aga teg gca ttc cag tac ctg 912 
Tyr Asp Asn Pro lie Gin Phe Val Gly Arg Ser Ala Phe Gin Tyr Leu 
290 295 300 

cct aaa etc cac aca eta tct ctg aat ggt gee atg gac ate cag gag 960 
Pro Lys Leu His Thr Leu Ser Leu Asn Gly Ala Met Asp lie Gin Glu 
305 310 315 320 

ttt cca gat etc aaa ggc acc acc age ctg gag ate ctg acc ctg acc 1008 
Phe Pro Asp Leu Lys Gly Thr Thr Ser Leu Glu lie Leu Thr Leu Thr 
325 330 335 

cgc gca ggc ate egg ctg etc cca teg ggg atg tgc caa cag ctg ccc 1056 
Arg Ala Gly lie Arg Leu Leu Pro Ser Gly Met Cys Gin Gin Leu Pro 
340 345 350 

agg etc cga gtc ctg gaa ctg tct cac aat caa att gag gag ctg ccc 1104 
Arg Leu Arg Val Leu Glu Leu Ser His Asn Gin lie Glu Glu Leu Pro 
355 360 365 

age ctg cac agg tgt cag aaa ttg gag gaa ate ggc etc caa cac aac 1152 
Ser Leu His Arg Cys Gin Lys Leu Glu Glu lie Gly Leu Gin His Asn 
370 375 380 

cgc ate tgg gaa att gga get gac acc ttc age cag ctg age tec ctg 1200 
Arg He Trp Glu He Gly Ala Asp Thr Phe Ser Gin Leu Ser Ser Leu 
385 390 395 400 

caa gee ctg gat ctt age tgg aac gee ate .egg tec ate cac cct gag 1248 
Gin Ala Leu Asp Leu Ser Trp Asn Ala He Arg Ser He His Pro Glu 
405 410 415 

gee ttc tec acc ctg cac tec ctg gtc aag ctg gac ctg aca gac aac 1296 
Ala Phe Ser Thr Leu His Ser Leu Val Lys Leu Asp Leu Thr Asp Asn 
420 425 430 

cag ctg acc aca ctg ccc ctg get gga ctt ggg ggc ttg atg cat ctg 1344 
Gin Leu Thr Thr Leu Pro Leu Ala Gly Leu Gly Gly Leu Met His Leu 
435 440 445 
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aag etc aaa ggg aac ctt get etc tec cag gee ttc tec aag gac agt 1392 
Lys Leu Lys Gly Asn Leu Ala Leu Ser Gin Ala Phe Ser Lys Asp Ser 
450 455 460 

ttc cca aaa ctg agg ate ctg gag gtg cct tat gee tac cag tgc tgt 1440 
Phe Pro Lys Leu Arg lie Leu Glu Val Pro Tyr Ala Tyr Gin Cys Cys 
465 470 475 480 

ccc tat ggg atg tgt gec age ttc ttc aag gec tct ggg cag tgg gag 1488 
Pro Tyr Gly Met Cys Ala Ser Phe Phe Lys Ala Ser Gly Gin Trp Glu 
485 490 495 

get gaa gac ctt cac ctt gat gat gag gag tct tea aaa agg ccc ctg 153 6 
Ala Glu Asp Leu His Leu Asp Asp Glu Glu Ser Ser Lys Arg Pro Leu 
500 505 510 

ggc etc ctt gee aga caa gca gag aac cac tat gac cag gac ctg gat 1584 
Gly Leu Leu Ala Arg Gin Ala Glu Asn His Tyr Asp Gin Asp Leu Asp 
515 520 525 

gag etc cag ctg gag atg gag gac tea aag cca cac ccc agt gtc cag 1632 
Glu Leu Gin Leu Glu Met Glu Asp Ser Lys Pro His Pro Ser Val Gin 
530 535 540 

tgt age cct act cca ggc ccc ttc aag ccc tgt gag tac etc ttt gaa 1680 
Cys Ser Pro Thr Pro Gly Pro Phe Lys Pro Cys Glu Tyr Leu Phe Glu 
545 550 555 560 

age tgg ggc ate cgc ctg gec gtg tgg gec ate gtg ttg etc tec gtg 1728 
Ser Trp Gly lie Arg Leu Ala Val Trp Ala He Val Leu Leu Ser Val 
565 570 575 

etc tgc aat gga ctg gtg ctg ctg ace gtg ttc get ggc ggg cct gee 1776 
Leu Cys Asn Gly Leu Val Leu Leu Thr Val Phe Ala Gly Gly Pro Ala 
580 585 * 590 

ccc ctg ccc ccg gtc aag ttt gtg gta ggt gcg att gca ggc gee aac 1824 
Pro Leu Pro Pro Val Lys Phe Val Val Gly Ala He Ala Gly Ala Asn 
595 600 605 

ace ttg act ggc att tec tgt ggc ctt eta gec tea gtc gat gee ctg 1872 
Thr Leu Thr Gly He Ser Cys Gly Leu Leu Ala Ser Val Asp Ala Leu 
610 615 620 

ace ttt ggt cag ttc tct gag tac gga gee cgc tgg gag acg ggg eta 1920 
Thr Phe Gly Gin Phe Ser Glu Tyr Gly Ala Arg Trp Glu Thr Gly Leu 
625 630 635 640 

ggc tgc egg gec act ggc ttc ctg gca gta ctt ggg teg gag gca teg 1968 
Gly Cys Arg Ala Thr Gly Phe Leu Ala Val Leu Gly Ser Glu Ala Ser 
645 650 655 

gtg ctg ctg etc act ctg gee gca gtg cag tgc age gtc tec gtc tec 2016 
Val Leu Leu Leu Thr Leu Ala Ala Val Gin Cys Ser Val Ser Val Ser 
660 665 670 

tgt gtc egg gee tat ggg aag tec ccc tec ctg ggc age gtt cga gca 2064 
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Cys Val Arg Ala Tyr Gly Lys Ser Pro Ser Leu Gly Ser Val Arg Ala 

675 680 685 

ggg gtc eta ggc tgc ctg gca ctg gca ggg ctg gec gec gca ctg ccc 2112 

Gly Val Leu Gly Cys Leu Ala Leu Ala Gly Leu Ala Ala Ala Leu Pro 

690 695 700 

ctg gec tea gtg gga gaa tac ggg gee tec cca etc tgc ctg ccc tac 2160 

Leu Ala Ser Val Gly Glu Tyr Gly Ala Ser Pro Leu Cys Leu Pro Tyr 

705 710 715 720 

gcg cca cct gag ggt cag cca gca gee ctg ggc ttc ace gtg gec ctg 2208 

Ala Pro Pro Glu Gly Gin Pro Ala Ala Leu Gly. Phe Thr Val Ala Leu 
725 730 735 

gtg atg atg aac tec ttc tgt ttc ctg gtc gtg gee ggt gee tac ate 2256 

Val Met Met Asn Ser Phe Cys Phe Leu Val Val Ala Gly Ala Tyr lie 
740 745 750 

aaa ctg tac tgt gac ctg ccg egg ggc gac ttt gag gec gtg tgg gac 2304 

Lys Leu Tyr Cys Asp Leu Pro Arg Gly Asp Phe Glu Ala Val Trp Asp 

755 760 765 

tgc gee atg gtg agg cac gtg gee tgg etc ate ttc gca gac ggg etc 2352 

Cys Ala Met Val Arg His Val Ala Trp Leu lie Phe Ala Asp Gly Leu 

770 775 780 

etc tac tgt ccc gtg gee ttc etc age ttc gee tec atg ctg ggc etc 2400 

Leu Tyr Cys Pro Val Ala Phe Leu Ser Phe Ala Ser Met Leu Gly Leu 

785 790 795 800 

ttc cct gtc acg ccc gag gee gtc aag tct gtc ctg ctg gtg gtg ctg 2448 

Phe Pro Val Thr Pro Glu Ala Val Lys Ser Val Leu Leu Val Val Leu 
805 810 . 815 

ccc ctg cct gee tgc etc aac cca ctg ctg tac ctg etc ttc aac ccc 2496 

Pro Leu Pro Ala Cys Leu Asn Pro Leu Leu Tyr Leu Leu Phe Asn Pro 
820 825 830 

cac ttc egg gat gac ctt egg egg ctt egg ccc cgc gca ggg gac tea 2544 

His Phe Arg Asp Asp Leu Arg Arg Leu Arg Pro Arg Ala Gly Asp Ser 

835 840 845 

ggg ccc eta gec tat get gcg gec ggg gag ctg gag aag age tec tgt 2592 

Gly Pro Leu Ala Tyr Ala Ala Ala Gly Glu Leu Glu Lys Ser Ser Cys 

850 855 860 

gat tct acc cag gec ctg gta gee ttc tct gat gtg gat etc att ctg 2640 

Asp Ser Thr Gin Ala Leu Val Ala Phe Ser Asp Val Asp Leu lie Leu 

865 870 875 880 

gaa get tct gaa get ggg egg ccc cct ggg ctg gag acc tat ggc ttc 2688 

Glu Ala Ser Glu Ala Gly Arg Pro Pro Gly Leu Glu Thr Tyr Gly Phe 
885 890 895 



ccc tea gtg acc etc ate tec tgt cag cag cca ggg gec ccc agg ctg 
Pro Ser Val Thr Leu lie Ser Cys Gin Gin Pro Gly Ala Pro Arg Leu 



2736 
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900 905 910 

gag ggc age cat tgt gta gag cca gag ggg aac cac ttt ggg aac ccc 2784 

Glu Gly Ser His Cys Val Glu Pro Glu Gly Asn His Phe Gly Asn Pro 
915 920 925 

caa ccc tec atg gat gga gaa ctg ctg ctg agg gca gag gga tct acg 2832 

Gin Pro Ser Met Asp Gly Glu Leu Leu Leu Arg Ala Glu Gly Ser Thr 
930 935 940 

cca gca ggt gga ggc ttg tea ggg ggt ggc ggc ttt cag ccc tct ggc 2880 

Pro Ala Gly Gly Gly Leu Ser Gly Gly Gly Gly Phe Gin Pro Ser Gly 
945 950 955 960 



ttg gec ttt get tea cac gtg 
Leu Ala Phe Ala Ser His Val 
965 
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Background of the Invention 

G-protein coupled receptors (GPCRs) are seven transmembrane domain proteins 
5 that mediate signal transduction of a.diverse number of ligands through heterotrimeric G 
proteins (Strader, C. D. et al (1994) Annu. Rev. Biochem. 63: 101-132). G protein- 
coupled receptors (GPCRs), along with G-proteins and effector proteins (e.g., 
intracellular enzymes and channels), are the components of a modular signaling system. 
Upon ligand binding to an extracellular portion of a GPCR, different G proteins are 

1 0 activated, which in turn modulate the activity of different intracellular effector enzymes 
and ion channels (Gutkind, J.S. (1998) J. Biol. Chem. 273: 1839-1842; Selbie, L.A. and 
Hill, S.J. (1998) Trends Pharmacol. Sci. 19:87-93). 

G proteins represent a family of heterotrimeric proteins composed of a, p and y 
subunits, which bind guanine nucleotides. These proteins are usually linked to cell 

1 5 surface receptors (e.g. , GPCR). Following ligand binding to the GPCR, a 

conformational change is transmitted to the G protein, which causes the a-subunit to 
exchange a bound GDP molecule for a GTP molecule and to dissociate from the Py- 
subunits. The GTP-bound form of the a-subunit typically functions as an effector- 
modulating moiety, leading to the production of second messengers, such as cyclic AMP 

20 (e.g., by activation of adenylate cyclase), diacylglycerol or inositol phosphates. Greater 
than 20 different types of oc-subunits are known in man, which associate with a smaller 
pool of P and y subunits. Examples of mammalian G proteins include Gi, Go, Gq, Gs 
and Gt (Lpdish H. et al Molecular Cell Biology, (Scientific American Books Inc., New 
York, N.Y., 1995). 

25 The GPCR protein superfamily identified to date contains over 250 subtypes. 

The superfamily can be broken down into five subfamilies: Subfamily I, which includes 
receptors typified by rhodopsin and the beta2-adrenergic receptor and currently contains 
over 200 unique members (reviewed by Dohlman et al (1991) Annu. Rev. Biochem. 
60:653-688); Subfamily II, which includes the parathyroid honnone/calcitonin/secretin 

30 receptor family (Juppneref al (1991) Science 254:1024-1026; Lin et al (\99\) Science 
254:1022-1024); Subfamily III, which includes the metabotropic glutamate receptor 
family in mammals, such as the GABA receptors (Nakanishi et al (1992) Science 258: 
597-603); Subfamily IV, which includes the cAMP receptor family that is known to 
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mediate the chemotaxis and development of D. discoideum (Klein et al. (1988) Science 
241 : 1467-1472); and Subfamily V, which includes the fungal mating pheromone 
receptors such as STE2 (reviewed by Kurjan I et al. (1992) Annu. Rev. Biochem. 
61 : 1097-1 129). Within each family, distinct, highly conserved motifs have been 
5 identified. These motifs have been suggested to be critical for the structural integrity of 
the receptor, as well as for coupling to G proteins. 

Glycoprotein hormone receptors represent a subgroup of the Subfamily I of 
GPCRs. These hormone receptors have a large N-terminal extracellular (ecto-) domain 
which contains several leucine-rich repeats. The ligands for these receptors are 

10 glycoprotein hormones such as gonadotropins (e.g., lutenizing hormone (LH), follicle 
stimulating hormone (FSH), choriogonadotropin (CG) and thyrotropin (TSH)). 
Gonadotropins and TSH are essential for the growth and differentation of gonads and 
the thryoid glands, respectively. Binding of a glycoprotein hormone to these receptors 
leads to activation of the Gs-cAMP-protein kinase A pathway (Ji, T.H. et al. (1997) 

15 Recent Prog. Horm. Res. 52:431-453; Dufau, MX. (1998) Annu. Rev. Physiol. 60: 461- 
496; Kohn, L.D. (1995) Vitam. Horm. 50: 287-384; Simoni, M. et al. (1997) Endocr. 
Rev. 18: 739-773). 

GPCRs are of critical importance to several systems including the endocrine 
system, the central nervous system and peripheral physiological processes. 

20 Evolutionary analysis suggests that the ancestor of these proteins originally developed in 
concert with complex body plans and nervous systems. The GPCR genes and gene- 
products are believed to be potential causative agents of disease (Spiegel et al. (1993) J. 
Clin. Invest. 92:1119-1125); McKusick and Amberger (1993) J. Med. Genet. 30:1-26). 
For example, specific defects in the rodopsin gene and the V2 vasopressin receptor gene 

25 have been shown to cause various forms of autosomal dominant and autosomal 

recessive retinitis pigmentosa (see Nathans et al. (1992) Annual Rev. Genet. 26:403- 
424), and nephrogenic diabetes insipidus (Holtzman et al. (1993) Hum. Mol. Genet. 
2:1201-1204). 

Given the important biological roles and properties of GPCRs, there exists a 
30 need for the identification of novel genes encoding such proteins as well as for the 
discovery of modulators of such molecules for use in regulating a variety of normal 
and/or pathological cellular processes. 
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Summary of the Invention 

The present invention is based, at least in part, on the discovery of novel 
members of the G-protein coupled receptor family, referred to herein as "large G-protein 
coupled receptor 6" or "LGR6" nucleic acid and protein molecules. The LGR6 nucleic 
5 acid and protein molecules of the present invention are useful as targets for developing 
modulating agents that regulate a variety of cellular processes, e.g., neural and endocrine 
processes, as well as thermogenesis. Accordingly, in one aspect, this invention provides 
isolated nucleic acid molecules encoding LGR6 polypeptides or biologically active 
portions thereof, as well as nucleic acid fragments suitable as primers or hybridization 

1 0 probes for the detection of LGR6-encoding nucleic acids. 

In one embodiment, an LGR6 nucleic acid molecule of the invention is at least 
60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 
99% or more homologous to the nucleotide sequence (e.g., to the entire length of the 
nucleotide sequence) shown SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO: 10, SEQ ID 

1 5 NO : 1 2 or a complement thereof. 

In another preferred embodiment, the isolated nucleic acid molecule includes the 
nucleotide sequence shown in SEQ ID NO:7 or SEQ ID NO:9, or a complement thereof. 
In another embodiment, the nucleic acid molecule includes SEQ ID NO:9 and 
nucleotides 2209-271 1 of SEQ ID NO:7. In another preferred embodiment, the nucleic 

20 acid molecule has the nucleotide sequence shown in SEQ ID NO:7 or SEQ ID NO:9. In 
another preferred embodiment, the nucleic acid molecule includes a fragment of at least 
2175 nucleotides of the nucleotide sequence of SEQ ID NO:7, SEQ ID NO:9, or a 
complement thereof. 

In another preferred embodiment, the isolated nucleic acid molecule includes the 

25 nucleotide sequence shown in SEQ ID NO: 10 or SEQ ID NO: 12, or a complement 

thereof. In another embodiment, the nucleic acid molecule includes SEQ ID NO: 12 and 
nucleotides 1-103 of SEQ ID NO: 10. In yet another embodiment, the nucleic acid 
molecule includes SEQ ID NO:12 and nucleotides 3005-3492 of SEQ ID NO:10. In 
another preferred embodiment, the nucleic acid molecule has the nucleotide sequence 

30 shown in SEQ ID NO: 1 0 or SEQ ID NO: 1 2. In another preferred embodiment, the 
nucleic acid molecule includes a fragment of at least 439 nucleotides of the nucleotide 
sequence of SEQ ID NO: 10, SEQ ID NO: 12, or a complement thereof. 
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In another embodiment, an LGR6 nucleic acid molecule includes a nucleotide 
sequence encoding a protein having an amino acid sequence sufficiently homologous to 
the amino acid sequence of SEQ ID NO:8, SEQ ID NO: 1 1 . In a preferred embodiment, 
an LGR6 nucleic acid molecule includes a nucleotide sequence encoding a protein 
5 having an amino acid sequence at least 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more homologous to the amino acid 
sequence of SEQ ID NO:8, SEQ ID NO:l 1. 

In another preferred embodiment, an isolated nucleic acid molecule encodes the 
amino acid sequence of a mouse or human LGR6. In yet another preferred embodiment, 
10 the nucleic acid molecule includes a nucleotide sequence encoding a protein having the 
amino acid sequence of SEQ ID NO:8, SEQ ID NO:l 1 . In yet another preferred 
embodiment, the nucleic acid molecule is at least 1899, 2175 or 2901 nucleotides in 
length and encodes a protein having an LGR6 activity (as described herein). 

In another preferred embodiment, a nucleic acid molecule of the invention is at 
15 least 250-500, 500-750, 750-1000, 1000-1200, 1200-1400, 1400-1600, 1600-1800, 
1800-2000, 2000-2174, 2175, 2176-2200, 2200-2400, 2400-2600, 2600 or more 
nucleotides in length and which hybridizes under stringent conditions to a nucleic acid 
molecule comprising the nucleotide sequence shown in SEQ ID NO:7 of 9, or a 
complement thereof. 

20 In another preferred embodiment, a nucleic acid molecule of the invention is at 

least 1-50, 50-100, 100-150, 150-200, 200-250, 250-500, 500-750, 750-1000, 1000- 
1200, 1200-1400, 1400-1600, 1600-1800, 1800-2000, 2000-2174, 2175, 2176-2200, 
2200-2400, 2400-2600, 2600 or more nucleotides in length and which hybridizes under 
stringent conditions to a nucleic acid molecule comprising the nucleotide sequence 

25 shown in SEQ ID NO:10 or SEQ ID NO:12, or a complement thereof. In preferred 

embodiments, the nucleic acid molecules are at least 15 (e.g., contiguous) nucleotides in 
length and hybridize under stringent conditions to SEQ ID NO:10 or SEQ ID NO:12, or 
a complement thereof. 

In another preferred embodiment, the nucleic acid molecule encodes a naturally 

30 occurring allelic variant of a polypeptide comprising the amino acid sequence of SEQ 
ID NO:8, wherein the nucleic acid molecule hybridizes to a nucleic acid molecule 
comprising SEQ ID NO:7 or SEQ ID NO:9 under stringent conditions. In another 
preferred embodiment, the nucleic acid molecule encodes a naturally occurring allelic 
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variant of a polypeptide comprising the amino acid sequence of SEQ ID NO:l 1, wherein 
the nucleic acid molecule hybridizes to a nucleic acid molecule comprising SEQ ID 
NO:l 1 under stringent conditions. 

Another embodiment of the invention provides an isolated nucleic acid molecule 
5 which is antisense to an LGR6 nucleic acid molecule, e.g. , the coding strand of an LGR6 
nucleic acid molecule. 

Another aspect of the invention provides a vector comprising an LGR6 nucleic 
acid molecule. In certain embodiments, the vector is a recombinant expression vector. 
In another embodiment, the invention provides a host cell containing a vector of the 

10 invention. The invention also provides a method for producing a protein, preferably an 
LGR6 protein, by culturing in a suitable medium, a host cell, e.g., a mammalian host cell 
such as a non-human mammalian cell, of the invention containing a recombinant 
expression vector, such that the protein is produced. 

Another aspect of this invention features isolated or recombinant LGR6 proteins 

15 and polypeptides. In one embodiment, the isolated protein, preferably an LGR6 protein, 
includes at least one extracellular domain. In another embodiment, the isolated protein, 
preferably an LGR6 protein, includes at least one leucine-rich repeat. In another 
embodiment, the isolated protein, preferably an LGR6 protein, includes at least one 
RGD cell attachment site. In another embodiment, the isolated protein, preferably an 

20 LGR6 protein, includes at least one transmembrane domain. In another embodiment, 
the isolated protein, preferably an LGR6 protein, includes at least one cytoplasmic 
domain. In another embodiment, the isolated protein, preferably an LGR6 protein, 
includes at least one extracellular domain, at least one leucine-rich repeat, at least one 
RGD cell attachment site, at least one transmembrane domain and at least one 

25 cytoplasmic domain. In another embodiment, the isolated protein, preferably an LGR6 
protein, includes at least one extracellular domain; at least one leucine-rich repeat; at 
least one RGD cell attachment site; at least one transmembrane domain; at least one 
cytoplasmic domain; at least one protein phosphorylation site selected from the group 
consisting of a Protein Kinase C site, a Casein Kinase II site, and a tyrosine kinase 

30 phosphorylation site; at least one N-myristoylation site; and at least one 
glycosaminoglycan attachment site. 

In a preferred embodiment, the protein, preferably an LGR6 protein, includes at 
least one extracellular domain, at least one leucine-rich repeat, at least one RGD cell 
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attachment site, at least one transmembrane domain, and at least one cytoplasmic 
domain and has an amino acid sequence at least about 60%, 65%, 70%, 75%, 80%, 85%, 
90%, 95% or more homologous to the amino acid sequence of SEQ ID NO:8, SEQ ID 
NO:ll. 

5 In another preferred embodiment, the protein, preferably an LGR6 protein, 

includes at least one extracellular domain and plays a role in transducing an extracellular 
signal, e.g. , by interacting with a ligand (e.g., a glycoprotein hormone) and/or a cell- 
surface receptor (e.g., an integrin receptor); by mobilizing intracellular molecules that 
participate in signal transduction pathways (e.g., adenylate cyclase, or 

10 phosphatidylinositol 4,5-bisphosphate (PIP2X inositol 1,4,5-triphosphate (IP3)); by 
modulating cell attachment; by maintaining energy balance and/or homeothermy, e.g., 
by modulating thermogenesis; by modulating endocrine function; and/or by modulating 
neural development and/or maintenance. In another preferred embodiment, the protein, 
preferably an LGR6 protein, includes at least one leucine-rich repeat and plays a role in 

15 transducing an extracellular signal, e.g., by interacting with a ligand (e.g., a glycoprotein 
hormone) and/or a cell surface receptor (e.g., an integrin receptor); by mobilizing 
intracellular molecules that participate in signal transduction pathways (e.g. , adenylate 
cyclase, or phosphatidylinositol 4,5-bisphosphate (PIP2X inositol 1,4,5-triphosphate 
(IP3)); by modulating ceil attachment; by maintaining energy balance and/or 

20 homeothermy, e.g., by modulating thermogenesis; by modulating endocrine function; 
and/or by modulating neural development and/or maintenance. In another preferred 
embodiment, the protein, preferably an LGR6 protein, includes at least one RGD cell 
attachment site and plays a role in transducing an extracellular signal, e.g., by interacting 
with a ligand (e.g., a glycoprotein hormone) and/or a cell surface receptor (e.g., an 

25 integrin receptor); by mobilizing intracellular molecules that participate in signal 

transduction pathways (e.g., adenylate cyclase, or phosphatidylinositol 4,5-bisphosphate 
(PIP2), inositol 1,4,5-triphosphate (IP3)); by modulating cell attachment; by maintaining 
energy balance and/or homeothermy, e.g., by modulating thermogenesis; by modulating 
endocrine function; and/or by modulating neural development and/or maintenance. 

30 In another preferred embodiment, the protein, preferably an LGR6 protein, 

includes at least one transmembrane domain and plays a role in transducing an 
extracellular signal, e.g., by interacting with a ligand (e.g., a glycoprotein hormone) 
and/or a cell surface receptor (e.g., an integrin receptor); by mobilizing intracellular 
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molecules that participate in signal transduction pathways (e.g., adenylate cyclase, or 
phosphatidylinositol 4,5-bisphosphate (PIP2), inositol 1,4,5-triphosphate (IP3)); by 
modulating cell attachment; by maintaining energy balance and/or homeothermy, e.g., 
by modulating thermogenesis; by modulating endocrine function; and/or by modulating 
5 neural development and/or maintenance. In another preferred embodiment, the protein, 
preferably an LGR6 protein, includes at least one cytoplasmic domain and plays a role 
in transducing an extracellular signal, e.g., by interacting with a ligand (e.g., a 
glycoprotein hormone) and/or a cell surface receptor (e.g., an integrin receptor); by 
mobilizing intracellular molecules that participate in signal transduction pathways (e.g., 

10 adenylate cyclase, or phosphatidylinositol 4,5-bisphosphate (PIP2X inositol 1,4,5- 
triphosphate (IP3)); by modulating cell attachment; by maintaining energy balance 
and/or homeothermy, e.g., by modulating thermogenesis; by modulating endocrine 
function; and/or by modulating neural development and/or maintenance. 

In another preferred embodiment, the protein, preferably an LGR6 protein, 

15 includes at least one extracellular domain, at least one leucine-rich repeat, at least one 
RGD-cell attachment site, at least one transmembrane domain and at least one 
cytoplasmic domain, and plays a role in in transducing an extracellular signal, e.g., by 
interacting with a ligand (e.g., a glycoprotein hormone) and/or a cell surface receptor 
(e.g., an integrin receptor); by mobilizing intracellular molecules that participate in 

20 signal transduction pathways (e.g. , adenylate cyclase, or phosphatidylinositol 4,5- 
bisphosphate (PIP2X inositol 1,4,5-triphosphate (IP3)); by modulating cell attachment; 
by maintaining energy balance and/or homeothermy, e.g., by modulating thermogenesis; 
by modulating endocrine function; and/or by modulating neural development and/or 
maintenance. 

25 In one preferred embodiment, the isolated protein includes at least 50 

consecutive amino acids, more preferably at least 100 consecutive amino acids, more 
preferably at least 150 consecutive amino acids, more preferably at least 200 
consecutive amino acids, more preferably at least 250 consecutive amino acids, more 
preferably at least 350 consecutive amino acids, more preferably at least 450 

30 consecutive amino acids, more preferably at least 500 consecutive amino acids of the 
amino acid sequence shown SEQ ID NO:8 or 1 1 . 

In yet another preferred embodiment, the protein, preferably an LGR6 protein, 
includes at least one leucine-rich repeat, at least one RGD-cell attachment site, at least 
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one transmembrane domain and at least one cytoplasmic domain, and is encoded by a 
nucleic acid molecule having a nucleotide sequence which hybridizes under stringent 
hybridization conditions to a nucleic acid molecule comprising the nucleotide sequence 
of SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO:10 or SEQ ID NO: 12. 
5 In another embodiment, the invention features fragments of the proteins having 

the amino acid sequence of SEQ ID NO:8, SEQ ID NO:l 1 wherein the fragment 
comprises at least 15 amino acids {e.g., contiguous amino acids) of the amino acid 
sequence of SEQ ID NO:8, SEQ ID NO:l . In another embodiment, the protein, 
preferably an LGR6 protein, has the amino acid sequence of SEQ ID NO:8 or SEQ ID 
10 NO:ll. 

In yet another embodiment, the invention features an isolated protein, preferably 
an LGR6 protein, which is encoded by a nucleic acid molecule having a nucleotide 
sequence at least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or more 
homologous to a nucleotide sequence of SEQ ID NO:7, SEQ ID NO:9, or a complement 

1 5 thereof. In yet another embodiment, the invention features an isolated protein, 
preferably an LGR6 protein, which is encoded by a nucleic acid molecule having a 
nucleotide sequence at least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or more 
homologous to a nucleotide sequence of SEQ ID NO: 10, SEQ ID NO: 12, or a 
complement thereof. This invention further features an isolated protein, preferably an 

20 LGR6 protein, which is encoded by a nucleic acid molecule having a nucleotide 

sequence which hybridizes under stringent hybridization conditions to a nucleic acid 
molecule comprising the nucleotide sequence of SEQ ID NO:7, SEQ ID NO:9, SEQ ID 
NO: 10, SEQ ID NO: 12, or a complement thereof. 

The proteins of the present invention or biologically active portions thereof, can 

25 be operatively linked to a non-LGR6 polypeptide (e.g., heterologous amino acid 

sequences) to form fusion proteins. The invention further features antibodies, such as 
monoclonal or polyclonal antibodies, that specifically bind proteins of the invention, 
preferably LGR6 proteins. In addition, the LGR6 proteins or biologically active 
portions thereof can be incorporated into pharmaceutical compositions, which optionally 

30 include pharmaceutically acceptable carriers. 

In another aspect, the present invention provides a method for detecting the 
presence of an LGR6 nucleic acid molecule, protein or polypeptide in a biological 
sample by contacting the biological sample with an agent capable of detecting an LGR6 
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aucleic acid molecule, protein or polypeptide such that the presence of an LGR6 nucleic 
acid molecule, protein or polypeptide is detected in the biological sample. 

In another aspect, the present invention provides a method for detecting the 
presence of LGR6 activity in a biological sample by contacting the biological sample 
5 with an agent capable of detecting an indicator of LGR6 activity such that the presence 
of LGR6 activity is detected in the biological sample. 

In another aspect, the invention provides a method for modulating LGR6 activity 
comprising contacting a cell capable of expressing LGR6 with an agent that modulates 
LGR6 activity such that LGR6 activity in the cell is modulated. In one embodiment, the 

10 agent inhibits LGR6 activity. In another embodiment, the agent stimulates LGR6 

activity. In one embodiment, the agent is an antibody that specifically binds to an LGR6 
protein. In another embodiment, the agent modulates expression of LGR6 by 
modulating transcription of an LGR6 gene or translation of an LGR6 mRNA. In yet 
another embodiment, the agent is a nucleic acid molecule having a nucleotide sequence 

1 5 that is antisense to the coding strand of an LGR6 mRNA or an LGR6 gene. 

In one embodiment, the methods of the present invention are used to treat a 
subject having a disorder characterized by aberrant LGR6 protein or nucleic acid 
expression or activity by administering an agent which is an LGR6 modulator to the 
subject. In one embodiment, the LGR6 modulator is an LGR6 protein. In another 

20 embodiment the LGR6 modulator is an LGR6 nucleic acid molecule. In yet another 
embodiment, the LGR6 modulator is a peptide, peptidomimetic, or other small 
molecule. In a preferred embodiment, the disorder characterized by aberrant LGR6 
protein or nucleic acid expression is a weight disorder, e.g., obesity, anorexia, cachexia; 
a neural disorder, e.g., a CNS disorder, including Alzheimer's disease; an endocrine 

25 disorder; or a cardiovascular disorder, e.g., atherosclerosis, ischaemia reperfusion injury, 
cardiac hypertrophy, hypertension, coronary artery disease, myocardial infarction, 
arrythmia, cardiomyopathies, and congestive heart failure. 

The present invention also provides a diagnostic assay for identifying the 
presence or absence of a genetic alteration characterized by at least one of (i) aberrant 

30 modification or mutation of a gene encoding an LGR6 protein; (ii) mis-regulation of the 
gene; and (iii) aberrant post-translational modification of an LGR6 protein, wherein a 
wild-type form of the gene encodes a protein with an LGR6 activity. 
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In another aspect the invention provides a method for identifying a compound 
that binds to or modulates the activity of an LGR6 protein, by providing an indicator 
composition comprising an LGR6 protein having LGR6 activity, contacting the 
indicator composition with a test compound, and detennining the effect of the test 
5 compound on LGR6 activity in the indicator composition to identify a compound that 
modulates the activity of an LGR6 protein. 

Other features and advantages of the invention will be apparent from the 
following detailed description and claims. 

10 Brief Description of the Drawings 

Figure 1 depicts a mouse cDNA sequence (SEQ ID NO:l) and predicted amino 
acid sequence (SEQ ID NO:2) of mouse LGR6 (also referred to herein by clone 
designation "ftmzb048hl0"). The methionine-initiated open reading frame of mouse 
ftmzb048hl0 (without the 5' and 3' untranslated regions) extends from nucleotide 222 

15 to nucleotide 3122 of SEQ ID NO:l (shown herein as SEQ ID NO:3). 

Figure 2 depicts an alignment of portions of the amino acid sequence of the 
mouse LGR6 (clone ftmzb048hl0) and a leucine-rich repeat consensus sequence 
derived from a hidden Markov model (PF00560). Alignments of eight leucine-rich 
regions of mouse LGR6 are indicated. For each alignment, the upper sequence is the 

20 PF00560 sequence while the lower sequence corresponds to amino acids 67 to 1 14, 1 15 
to 162, 163 to 210, 211 to 257, 258 to 305, 306 to 352, 353 to 398 and 399 to 446 of 
SEQ ID NO:2. ). The leucine-rich consensus sequence contains two leucine-rich 
repeats. Thus, the total number of leucine-rich repeats is sixteen, instead of eight. 
Figure 3 is a table summarizing proteins with leucine-rich repeats based on 

25 function, cellular location, length, leucine-rich consensus sequence and accession 
number. This table was obtained from Kobe, B. and Deisenhofer, J. (1994) Trends in 
Biochem Sci. at page 416. The numbers above the sequences indicate the position in the 
repeat in reference to the consensus of porcine RNase inhibitor. One-letter code is used 
for amino acids. An amino acid is included in the consensus if present at that position in 

30 more than half of the repeats; 'a' represents A, V, L, F, Y or M, and is included in the 
consensus if these amino acids are present at that position in more than 80% of the 
repeats. Symbols used Y> any amino acid; gap; '+\ amino acid may or may not be 
present at this position. 
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The following abbreviations are used: RNase, ribonuclease; GP, glycoprotein; 
snKNP, small nuclear ribonucleoprotein particle; ECM, extracellular matrix; PM plasma 
membrane; EC, extracellular; TGF, transforming growth factor; IC, intracellular, BMP, 
bone-morpfogenic protein; WF, von Willebrand factor; LPS-LPB, complex of 
5 lipopolysaccharide and lipopolysaccharide-binding protein; NGF, nerve growth factor; 
BDNF, brain-derived neurotrophic factor; NT-3, neurotrophin-3; LH, lutrophin; CG, 
choriogonadotrophin; FSH, follitrophin; TSH, thyrotrophin; T-LR, trypsnosomal 
leucine-rich protein; RM membrane, rough microsoal membrane. Total number of 
repeats is the number of occurrences of the a..a.a..N/C/T sequence, where 'a' represents 
10 A, V, L, F, Y or M; repeats shorter than 18 residues and isolated single repeats were not 
counted. Only the counted repeats were used to determine the consensus sequence. 

Figure 4 depicts a human cDNA sequence (SEQ ID NO:4) of human LGR6 (also 
referred to herein by clone designation "fahr"). The methionine-initiated open reading 
frame of human fahr (without the 5' and 3' untranslated regions) extends from 
1 5 nucleotide 1 to nucleotide 1 899 of SEQ ID NO:4 (shown herein as SEQ ID NO:6). 

Figure 5 depicts the predicted amino acid sequence (SEQ ID NO:5) of human 
LGR6 (clone fahr). 

Figure 6 depicts an alignment of a portion of the amino acid sequence of the 
human LGR6 (clone fahr) and a leucine-rich repeat consensus sequence derived from a 
20 hidden Markov model (PF00560). The upper sequence in the alignment is the PF00560 
sequence while the lower sequence corresponds to amino acids 64 to 11 1 of SEQ ID 
NO:5. The leucine-rich consensus sequence contains two leucine-rich repeats. Thus, 
the total number of leucine-rich repeats is two, instead of one. 

Figure 7 depicts a multiple sequence alignment of the amino acid sequence of 
25 mouse LGR6 (clone ftmzb048hl 0), clone aambbOO 1 dl 1 2 and human LGR6 (clone 
fahr). The approximate location of the seven transmembrane domains (I-VII) is 
indicated. 

Figure 8 depicts a partial cDNA sequence and predicted amino acid sequence of 
human LGR6. The nucleotide sequence corresponds to nucleic acids 1 to 271 1 of SEQ 
30 ID NO:7. The amino acid sequence corresponds to amino acids 1 to 736 of SEQ ID 
NO: 8. The coding region without the and 3' untranslated region of the human LGR6 
gene is shown in SEQ ID NO:9. 
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Figure 9 depicts a structural, hydrophobicity, and antigenicity analysis of the 
human LGR6 protein (SEQ ID NO:l 1). 

Figure 1 0 depicts the results of a search which was performed against the HMM 
database (PFAM) using the amino acid sequence human LGR6 (SEQ ID NO:l 1) which 
5 resulted in the identification of "Leucine rich repeat (LRR) domains" and "7 

transmembrane receptor (rhodopsin family) domains" in the human LGR6 protein. 

Figure 1 1 depicts the results of a search which was performed against the HMM 
database (SMART) using the amino acid sequence human LGR6 (SEQ ID NO:l 1) 
which resulted in the identification of a "Leucine rich repeat (LRR) domains", for 
10 example, typical LRR (LRRjyp_2), bacterial type LRR (LRR_bac_2), SDS22-like 
LRR (LRR_sd22_2), and plant specific LRR (LRR_PS_2) in the human LGR6 protein. 

Figure 12 depicts a local alignment of the mouse LGR6 nucleic acid sequence 
with the human LGR6 nucleic acid sequence using the the GAP program in the GCG 
software package, using a nwsgapdna matrix, a gap weight of 12 and a length weight of 
15 4. The results showed a 84.21 1% identity between the two sequences. 

Figure 13 depicts a local alignment of the mouse LGR6 protein with the human 
LGR6 protein using the the GAP program in the GCG software package, using a 
Blossum 62 matrix and a gap weight of 12 and a length weight of 4. The results showed 
a 89.281% identity between the two sequences. 
20 Figure 14 depicts the nucleotide sequence of the full length human LGR6 (SEQ 

ID NO: 10) (also referred to herein by clone designation "Fbhl 50881"). 

Figure 15 depicts the predicted amino acid sequence of human LGR6 (SEQ ID 
NO:l 1) (also referred to herein by clone designation "Fbhl50881"). 

Figure 16 depicts depicts a local alignment of the mouse LGR6 protein with the 
25 full length human LGR6 protein using the the GAP program in the GCG software 
package, using a Blossum 62 matrix and a gap weight of 12 and a length weight of 4. 
The results showed a 89.855% identity between the two sequences. 

Detailed Description of the Invention 

30 The present invention is based, at least in part, on the discovery of novel 

molecules, referred to herein as LGR6 nucleic acid and protein molecules, which are 
members of G-protein coupled receptor family (GPCR). These novel molecules are 
capable of, for example, interacting with an extracellular signal ligand (e.g., a 
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glycoprotein hormone) and/or a cell surface receptor (e.g., an integrin receptor), and 
thereby modulating cellular processes including cell attachment, mobilization of signal 
transduction pathways, regulation of energy balance and/or homeothermy, as well as 
modulation of endocrine function, and/or neural development and maintenance. 

5 The LGR6 molecules of the present invention comprise a family of molecules 

having certain conserved structural and functional features. The term "family" when 
referring to the protein and nucleic acid molecules of the invention is intended to mean 
two or more proteins or nucleic acid molecules having a common structural domain or 
motif and having sufficient amino acid or nucleotide sequence homology as defined 
10 herein. Such family members can be naturally or non-naturally occurring and can be 
from either the same or different species. For example, a family can contain a first 
protein of human origin, as well as other, distinct proteins of human origin or 
alternatively, can contain homologues of non-human origin. Members of a family may 
also have common functional characteristics. 

15 As used herein, the term "G protein-coupled receptor" or "GPCR" refers to a 

family of proteins that preferably comprise an N-terminal extracellular domain, seven 
transmembrane domains (also referred to as membrane-spanning domains), three 
extracellular domains (also referred to as extracellular loops), three cytoplasmic 
domains (also referred to as cytoplasmic loops), and a C-terminal cytoplasmic domain 

20 (also referred to as a cytoplasmic tail). Members of the GPCR family also share certain 
conserved amino acid residues, some of which have been determined to be critical to 
receptor function and/or G protein signaling. 

For example, GPCRs usually contain the following features including a 
conserved asparagine residue in the first transmembrane domain; a cysteine residue in 

25 the first extracellular loop which is believed to form a disulfide bond with a conserved 
cysteine residue in the second extracellular loop; a conserved phenylalanine residue 
which is commonly found as part of the motif FXXCXXP; and a conserved leucine 
residue in the seventh transmembrane domain which is commonly found as part of the 
motif DPXXY or NPXXY. An alignment of the transmembrane domains of 44 

30 representative GPCRs can be found at http://mgdkkl ,nidll.nih.gov:8000/extended.html. 
The LGR6 proteins of the present invention contain a significant number of 
structural characteristics in common with members of the GPCR family. For example, 
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the mouse LGR6 protein (clone ftmzb048hl0) contains conserved cysteines found in the 

first two extracellular loops (prior to the third and fifth transmembrane domains, 

respectively) of most GPCR (e.g., cys 642 and cys 717 of SEQ ID NO:2). Similarly, the 

human LGR6 protein (clone fahr) contains conserved cysteine residues at positions 308 

5 and 383 of SEQ ID NO: 5. The human LGR6 protein (clone fahr) contains conserved 

cysteine residues at positions 41 1 and 486 of SEQ ID NO: 8. The human LGR6 protein 

(clone Fbhl50881) contains conserved systeine residues at positions 642 and 717of SEQ 

ID NO: 1 1 . The two cysteine residues are believed to form a disulfide bond that 
« 

stabilizes the functional protein structure. In addition, both mouse and human LGR6 

10 proteins contain an NPXXY in the seventh transmembrane domain (e.g., residues 823- 
827 of SEQ IDNO:2, residues 489-493 of SEQ IDNO:5, residues 592-596 of SEQ ID 
NO:8, and residues 823-827 of SEQ ID NO: Irrespectively). 

Based on structural similarities, members of the GPCR family have been 
classified into various subfamilies, including: Subfamily I which comprises receptors 

1 5 typified by rhodopsin and the beta2-adrenergic receptor and currently contains over 200 
unique members (reviewed by Dohlman et al (1991) Anna. Rev. Biochem. 60:653-688); 
Subfamily II, which includes the parathyroid hormone/calcitonin/secretin receptor 
family (Juppner et al (1991) Science 254:1024-1026; Lin et al (1991) Science 
254:1022-1024); Subfamily III, which includes the metabotropic glutamate receptor 

20 family in mammals, such as the GABA receptors (Nakanishi et al (1 992) Science 258: 
597-603); Subfamily IV, which includes the cAMP receptor family that is known to 
mediate the chemotaxis and development of D. discoideum (Klein et al. (1988) Science 
241:1467-1472); and Subfamily V, which includes the fungal mating pheromone 
receptors such as STE2 (reviewed by Kurjan I et al (1992) Annu. Rev. Biochem. 

25 61:1 097- 1 1 29). Within each family, distinct, highly conserved motifs have been 

identified. These motifs have been suggested to be critical for the structural integrity of 
the receptor, as well as for coupling to G proteins. 

The LGR6 proteins of the present invention show significant homology to a 
subgroup of the Subfamily I of GPCRs represented by the glycoprotein hormone 

30 receptors. As used herein, the term "glycoprotein hormone receptors" refers to a 

subgroup of GPCRs which share certain structural and functional characteristics. For 
example, glycoprotein hormone receptors have an extended N-terminal extracellular 
(ecto-) domain which contains several leucine-rich repeats. The ligands for these 



WO 01/85768 PCTAJS01/15002 

-15- 

receptors are glycoprotein hormones such as gonadotropins (e.g., luteinizing hormone 
(LH), follicle-stimulating hormone (FSH), choriogonadotropin (CG) and thyroid- 
stimulating hormone (TSH)). Binding of a glycoprotein hormone to these receptors 
leads to activation of the Gs-cAMP-protein kinase A pathway (Ji, T.H. et al (1997) 
5 Recent Prog, Horm. Res. 52:431-453; Dufau, MX. (1998) Annu. Rev. Physiol 60: 461- 
496; Kohn, L.D. (1995) Vitam. Horm. 50: 287-384; Simoni, M. et al (1997) Endocr. 
Rev. 18: 739-773). In particular, the LGR6 proteins of the invention show significant 
homology to two orphan receptors termed LGR4 and LGR5 (Hsu, J.W. et al (1988) 
Mol Endocrinol 12 (12): 1830-1845; Accession Nos. AF0661443 and AF061444, 
10 respectively). 

In one embodiment, the LGR6 proteins of the present invention have an amino 
acid sequence of about 400-1 100, preferably about 500-1000, and more preferably about 
600-970 amino acids in length. For example, the LGR6 proteins preferably include an 
N-terminal extracellular domain which contains at least one, two, three, four, five, six, 

1 5 seven, eight, nine, ten, eleven, twelve, thirteen, fourteen, fifteen, and preferably sixteen 
leucine-rich repeats; and at least one RGD attachment site. Preferably, the LGR6 
protein further includes at least one, two, three, four, five, six or seven transmembrane 
domains (also referred to as membrane-spanning domains), at least one, two, and 
preferably, three extracellular domains (also referred to as extracellular loops), at least 

20 one, two and preferably, three cytoplasmic domains (also referred to as cytoplasmic 
loops), and at least one C-terminal cytoplasmic domain (also referred to as a 
cytoplasmic tail). 

In one embodiment, an LGR6 protein includes at least one extracellular domain. 
When located at the N-terminal domain the extracellular domain is referred to herein as 

25 an "N-terminal extracellular domain", or as an N-terminal extracellular loop in the 
amino acid sequence of the protein. As used herein, an "N-terminal extracellular 
domain" includes an amino acid sequence having about 1-700, preferably about 1-650, 
more preferably about 1-600, more preferably about 1-560, even more preferably about 
1-563 amino acid residues in length and is located outside of a cell or extracellularly. 

30 The C-terminal amino acid residue of a "N-terminal extracellular domain" is adjacent to 
an N-terminal amino acid residue of a transmembrane domain in a naturally-occurring 
LGR6 or LGR6-like protein. For example, an N-terminal cytoplasmic domain is located 
at about amino acid residues 1-563 of SEQ ID NO:2. Preferably, the N-terminal 
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extracellular domain is capable of interacting (e.g., binding to) with an extracellular 
signal, for example, a ligand (e.g., a glycoprotein hormone) or a cell surface receptor 
(e.g., an integrin receptor). Most preferably, the N-terminal extracellular domain 
mediates protein-protein interactions, signal transduction and/or cell adhesion. 
5 In one embodiment, the extracellular domain contains at least one, two, three, 

four, five, six, seven, eight, nine, ten, eleven, twelve, thirteen, fourteen, fifteen, and 
preferably, sixteen leucine-rich repeats. As used herein, a "leucine-rich repeat" (also 
referred to herein as "LRR") refers to short protein modules characterized by a periodic 
distribution of hydrophobic amino acids, especially leucine residues, separated by more 

10 hydrophilic residues (Buchanan, S. and Gay, N. J. (1 996) Prog. Biophys. Molec. Biol. 
Vol. 65 (No. 54): 1-44; Kobe, B. and Deisenhofer, J.(1994) Trends in Biochem Sci.: 415- 
421, the contents of which are incorporated herein by reference). LRRs are 
distinguished by a consensus sequence of about 20-30, preferably, 24 amino acids in 
length. As shown in Figure 3, the LRR consensus sequence preferably contains leucines 

15 or other aliphatic residues at positions 2, 5, 7, 12, 16, 21 and 24, and asparagine, 

cysteine or threonine at position 10. Preferred LRRs contain exclusively asparagine at 
position 10, however, a cysteine residue may be substituted in this position (Figure 3). 
Consensus sequences derived from LRRs in individual proteins often contain additional 
conserved residues in positions other than those mentioned above. For example, 

20 aliphatic and aromatic amino acids, sometimes glycines and prolines can also be found. 
The hydrophobic consensus residues in the carboxy-terminal parts of the repeats are 
commonly spaced by 3, 4, or 7 residues. Leucine-rich repeats are usually present in 
tandem, and the number of LRR ranges from one to about 30 repeats. 

As used herein, the term "leucine rich repeat" includes a protein domain having 

25 an amino acid sequence of about 10-30 amino acid residues and having a bit score for 
the alignment of the sequence to the LRR domain (HMM) of at least about 5. 
Preferably, a LRR domain includes at least about 15-28, more preferably about 20-26 
amino acid residues, or 22-24 amino acid residues, and has a bit score for the alignment 
of the sequence to the LRR domain (HMM) of at least about 8, 10, 16, 18, 19, 23, 25 or 

30 greater. The LRR domain (HMM) has been assigned the PFAM Accession PF00560 
(http://genome.wustl.edu/Pfam/.html). To identify the presence of a LRR domain in a 
LGR6 protein, and make the determination that a protein of interest has a particular 
profile, the amino acid sequence of the protein is searched against a database of HMMs 
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(e.g., the Pfam database, release 2.1) using the default parameters 
(http://www.sanger.ac.uk/Software/Pfain/HMM For example, the hmmsf 

program, which is available as part of the HMMER package of search programs, is a 
family specific default program for PF00560 and a score of 15 is the default threshold 
5 score for determining a hit. Alternatively, the threshold score for determining a hit can 
be lowered (e.g., to 8 bits). A description of the Pfam database can be found in 
Sonhammer et al (1997) Proteins 28(3):405-420 and a detailed description of HMMs 
can be found, for example, in Gribskov et a/.(1990) Meth. Enzymoi 183:146-159; 
Gribskov et a/.(1987) Proc. Natl Acad. Set USA 84:4355-4358; Kxogh et a/.(1994) J. 

10 Mol Biol 235:1501-1531; and Stultz et a/.(1993) Protein ScL 2:305-314, the contents 
of which are incorporated herein by reference. 

In one embodiment, the LRR corresponds to a P-a structural unit, consisting of a 
short P-strand and an a-helix approximately parallel to each other. The structural units 
are arranged so that the p-strands and the helices are parallel to a common axis, resulting 

15 in a nonglobular, horseshoe-shaped molecule with a parallel P-sheet lining in the inner 
circumference of the horseshoe, and the helices flanking the circumference. Leucine- 
rich repeats are located at about amino acid residues 67 to 90,91 to 114, 115 to 138, 139 
to 162, 163 to 186, 187 to 210, 211 to 234, 235 to 257, 258 to 281, 282 to 305, 306 to 
329, 330 to 352, 353 to 375, 376 to 398, 399 to 422 and 423 to 446 of SEQ ID NO:2 of 

20 SEQ ID NO:2, and at about amino acids 64 to 87 and 88 to 1 1 1 of SEQ ID NO:5. In 
addition, a search was performed against the HMM database resulting in the 
identification of LRR domains in the amino acid sequence of human LGR6 at about 
residues 4-26, 27-50, 51-74, 75-97, 98-121, 122-143, 144-167, 168-191, and 192-215 of 
SEQ ID NO:8. A search was also performed against the HMM database resulting in the 

25 identification of LRR domains in the amino acid sequence of the complete human LGR6 
at about residues 67 to 90, 91 to 1 14, 1 15 to 138, 139 to 162, 163 to 186, 187 to 210, 
211 to 234, 235 to 257, 258 to 281, 282 to 305, 306 to 329, 330 to 352, 353 to 375, 376 
to 398, 399 to 422 and 423 to 446 of SEQ ID NO:l 1 (see Figures 10 and 1 1). The LRR 
domains identified in the amino acid sequence of human LGR6 of SEQ ID NO:8 

30 correspond to amino acid residues 235 to 257, 258 to 281, 282 to 305, 306 to 329, 330 to 
352, 353 to 375, 376 to 398, 399 to 422 and 423 to 446 of SEQ ID NO:l 1 
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Accordingly, LGR6 proteins having at least 50-60% identity, preferably about 
60-70%, more preferably about 70-80%, or about 80-90% identity with a LRR domain 
of human or mouse LGR6 are within the scope of the invention. 

Preferably, the leucine-rich repeat in the extracellular domain of an LGR6 
5 protein mediates protein-protein interactions, signal transduction and/or cell adhesion. 
In one embodiment, the LRR domain is capable of interacting (e.g. , binding to) a 
glycoprotein hormone. Exemplary glycoprotein hormones include gonadotropins (e.g., 
luteinizing hormone (LH), follicle-stimulating hormone (FSH), choriogonadotropin 
(CG) and thyroid-stimulating hormone (TSH)). Upon binding of an extracellular protein 

10 to the LRR, an intracellular signal transduction pathway (e.g., adenylate cyclase 
pathway or PI turnover pathway) is activated. For example, the Gs-cAMP-protein 
kinase A pathway can be activated (Ji, T.H. et al (1997) Recent Prog. Horm. Res. 
52:431-453; Dufau, MX. (1998) Annu. Rev. Physiol 60: 461-496; Kohn, L.D. (1995) 
Vitam. Horm. 50: 287-384; Simoni, M. et al (1997) Endocr. Rev. 18: 739-773). 

15 Alternatively, or in addition to the ligand binding role, the LRRs may mediate receptor 
dimerization or oligomerization. Such aggregation has been shown, for a number of 
receptor types, to correlate with their activation. Examples of the receptors that are 
activated upon dimerization include receptor tyrosine kinases (RTK) and 
serine/threonine kinases. 

20 In one embodiment, the LGR6 proteins of the present invention contain at least 

one RGD cell attachment site. As used herein, the term "RGD cell attachment site" 
refers to a cell adhesion sequence consisting of amino acids Arg-Gly-Asp typically 
found in extracellular matrix proteins such as collagens, laminin and fibronectin, among 
others (reviewed in Ruoslahti, E. (1996) Annu. Rev. Cell Dev. Biol 12:697-715). 

25 Preferably, the RGD cell attachment site is located in the extracellular domain of an 
LGR6 protein and interacts (e.g., binds to) a cell surface receptor, such as an integrin 
receptor. As used herein, the term "integrin" refers to a family of receptors comprising 
aP heterodimers that mediate cell attachment to extracellular matrices and cell-cell 
adhesion events. The a subunits vary in size between 120 and 180 kd and are each 

30 noncovalently associated with a P subunit (90-1 1 0 kd) (reviewed by Hynes (1992) Cell 
69:1 1-25). Most integrins are expressed in a wide variety of cells, and most cells 
express several integrins. There are at least 8 known p subunits and 14 known a 
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subunits. The majority of the integrin ligands are extracellular matrix proteins involved 
in substratum cell adhesion such as collagens, laminin, fibronectin among others. The 
RGD cell attachment site is located at about amino acid residues 760-762 of SEQ ID 
NO:2, at amino acids 425-427 of SEQ IDNO:5, at amino acid residues 529-531 of SEQ 
5 ID NO:8 and at amino acid residues 760-762 of SEQ ID NO: 1 1 . 

In another embodiment, the LGR6 proteins of the present invention contain at 
least one, two, three, four, five, six, or preferably, seven transmembrane domains. As 
used herein, the term "transmembrane domain" includes an amino acid sequence of 
about 1 5 amino acid residues in length which spans the plasma membrane. More 

10 preferably, a transmembrane domain includes about at least 20, 25, 30, 35, 40, or 45 
amino acid residues and spans the plasma membrane. Transmembrane domains are rich 
in hydrophobic residues, and typically have an a-helical structure. In a preferred 
embodiment, at least 50%, 60%, 70%, 80%, 90%, 95% or more of the amino acids of a 
transmembrane domain are hydrophobic, e.g., leucines, isoleucines, tyrosines, or 

15 tryptophans. Transmembrane domains are described in, for example, 

htto://pfam.wustl.edu/cgi-bin/getdesc?name=7tm-l, and Zagotta W.N. et al, (1996) 
Annual Rev. Neuronsci. 19: 235-63, the contents of which are incorporated herein by 
reference. Amino acid residues 564-590, 598-620, 645-669, 684-704, 731-751, 773-798 
and 812-834 of SEQ ID NO:2 comprise transmembrane domains (see Figure 1). Amino 

20 acid residues 230-256, 264-286, 31 1-336, 350-370, 397-417, 440-464 and 478-500 of 
SEQ ID NO:5 comprise transmembrane domains (see Figure 5). Amino acid residues 
333-359, 367-389, 414-439, 453-473, 500-520, 543-567 and 581-603 of SEQ ID NO:8 
comprise transmembrane domains (see Figure 8). Amino acid residues 566-590, 599- 
621, 646-665, 688-709, 728-752 and 777-801 of SEQ ID NO:l 1 comprise 

25 transmembrane domains (see Figure 1 5). 

In another embodiment, an LGR6 includes at least one "7 transmembrane 
receptor profile" in the protein or corresponding nucleic acid molecule. As used herein, 
the term "7 transmembrane receptor profile" includes an amino acid sequence having at 
least about 10-300, preferably about 15-200, more preferably about 20-100 amino acid 

30 residues, or at least about 22-100 amino acids in length and having a bit score for the 
alignment of the sequence to the 7tm_l family Hidden Markov Model (HMM) of at 
least 1, preferably 3, more preferably 5-10, preferably 20-30, more preferably 22-40, 
more preferably 40-50, 50-75, 75-100, 100-200 or greater. The 7tm_l family HMM has 
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been assigned the PFAM Accession PF00001 
(http://genome.wustU .html). 

To identify the presence of a 7 transmembrane receptor profile in an LGR6, the 
amino acid sequence of the protein is searched against a database of HMMs (e.g., the 
5 Pfam database, release 2.1) using the default parameters 

(http://www.sanger.ac.uk/Software/Pfam/H^ For example, the hmmsf 

program, which is available as part of the HMMER package of search programs, is a 
family specific default program for PF00001 and score of 15 is the default threshold 
score for determining a hit. A search was performed against the HMM database 

10 resulting in the identification of 7 tm_l domains in the amino acid sequence of human 
LGR6 at about residues 404-43 1 and 553-596 of SEQ ID NO:8 . A search was was also 
performed against the HMM database resulting in the identification of 7 tm_l domains 
in the amino acid sequence of human LGR6 at about and amino acids 635 to 662 and 
784 to 827 of SEQ ID NO:l 1 (see Figure 10). The 7 tm_l domains in the amino acid 

1 5 sequence of human LGR6 at about amino acids 635 to 662 and 784 to 827 of SEQ ID 
NO:l 1 correspond to the 7 tm_l domains in the amino acid sequence of human LGR6 at 
about residues 404-431 and 553-596 of SEQ ID NO:8. Alternatively, the seven 
transmembrane domain can be predicted based on stretches of hydrophobic amino acids 
forming ot-helices (SOUSI server). For example, using a SOUSI server, a 7 TM 

20 receptor profile was identified in the amino acid sequence of SEQ ID NO:2, SEQ ID 
NO:5 (e.g., amino acids 812-834 of SEQ ID NO:2, amino acids 478-500 of SEQ ID 
NO:5). Accordingly, LGR6 proteins having at least 50-60% homology, preferably 
about 60-70%, more preferably about 70-80%, or about 80-90% homology with the 7 
transmembrane receptor profile of human or mouse LGR6 are within the scope of the 

25 invention. 

In another embodiment, an LGR6 protein includes at least one extracellular loop. 
As defined herein, the term "loop" includes an amino acid sequence having a length of 
at least about 4, preferably about 5-1 0, preferably about 10-20, and more preferably 
about 20-30, 30-40, 40-50, 50-60, 60-70, 70-80, 80-90, 90-100, or 100-150 amino acid 
30 residues, and has an amino acid sequence that connects two transmembrane domains 
within a protein or polypeptide* Accordingly, the N-terminal amino acid of a loop is 
adjacent to a C-terminal amino acid of a transmembrane domain in a naturally-occurring 
LGR6 or LGR6-like molecule, and the C-terminal amino acid of a loop is adjacent to an 
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N-terminal amino acid of a transmembrane domain in a naturally-occurring LGR6 or 
LGR6-like molecule. As used herein, an "extracellular loop" includes an amino acid 
sequence located outside of a cell, or extracellularly. For example, an extracellular loop 
can be found at about amino acids 621-644, 705-730 and 799-81 1 of SEQ ID NO:2, at 
5 amino acids 287-3 1 0, 37 1 -396 and 465-477 of SEQ ID NO:5, or at amino acids 390- 
413, 474-499 and 568-580 of SEQ ID NO:8. 

In another embodiment, an LGR6 protein include at least one cytoplasmic loop, 
also referred to herein as a cytoplasmic domain. As used herein, a "cytoplasmic loop" 
includes an amino acid sequence located within a cell or within the cytoplasm of a cell. 
10 For example, a cytoplasmic loop is found at about amino acids 591-597, 670-683 and 
752-772 of SEQ ID NO:2. In other embodiments, the cytoplasmic loop is found at 
about amino acids 257-263, 337-349 and 418-439 of SEQ ID NO:5. In addition, a 
cytoplasmic loop is found at about amino acids 360-366, 440-452 and 521-542 of SEQ 
IDNO:8. 

15 In another embodiment of the invention, an LGR6 is identified based on the 

presence of a "C-terminal cytoplasmic domain", also referred to herein as a C-terminal . 
cytoplasmic tail, in the sequence of the protein. As used herein, a "C-terminal 
cytoplasmic domain" includes an amino acid sequence having a length of at least about 
10, preferably about 10-25, more preferably about 25-50, more preferably about 50-75, 

20 even more preferably about 75-100, 100-133, 133-150, 150-200, 200-250, 250-300, 

300-400, 400-500, or 500-600 amino acid resudues and is located within a cell or within 
the cytoplasm of a cell. Accordingly, the N-terminal amino acid residue of a "C- 
terminal cytoplasmic domain" is adjacent to a C-terminal amino acid residue of a 
transmembrane domain in a naturally-occurring LGR6 or LGR6-like protein. For 

25 example, a C-terminal cytoplasmic domain is found at about amino acid residues 835- 
968 of SEQ ID NO:2, at amino acid residues 501-633 of SEQ ID NO:5, or at amino acid 
residues 604-736 of SEQ ID NO:8. 

In yet another embodiment, the LGR6 molecule can further include a signal 
sequence. As used herein, a "signal sequence" refers to a peptide of about 20-30 amino 

30 acid residues in length which occurs at the N-terminus of secretory and integral 

membrane proteins and which contains a majority of hydrophobic amino acid residues. 
For example, a signal sequence contains at least about 15-45 amino acid residues, 
preferably about 20-40 amino acid residues, more preferably about 21-33 amino acid 
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residues, and more preferably about 23-30 amino acid residues, and has at least about 
40-70%, preferably about 50-65%, and more preferably about 55-60% hydrophobic 
amino acid residues (e.g., alanine, valine, leucine, isoleucine, phenylalanine, tyrosine, 
tryptophan, or proline). Such a "signal sequence", also referred to in the art as a "signal 
5 peptide", serves to direct a protein containing such a sequence to a lipid bilayer. For 
example, in one embodiment, an LGR6 protein contains a signal sequence of about 
amino acids 1-23 of SEQ ID NO:2. The "signal sequence" is cleaved during processing 
of the mature protein. The mature LGR6 protein corresponds to amino acids 24 to 967 
of SEQ ID NO:2. In another embodiment, an LGR6 protein caontains a signal sequence 

10 of about amino acids 1 -25 of SEQ ID NO: 1 1 . The mature LGR6 protein corresponds to 
amino acids 26 to 968 of SEQ ID NO: 1 1 . 

Accordingly in one embodiment of the invention, an LGR6 includes at least one, 
preferably 6 or 7, transmembrane domains and and/or at least one cytoplasmic loop, 
and/or at least one extracellular loop. In another embodiment, the LGR6 further 

15 includes an N-terminal extracellular domain and/or a C-terminal cytoplasmic domain. 
In another embodiment, the LGR6 can include six transmembrane domains, three 
cytoplasmic loops, and two extracellular loops, or can include six transmembrane 
domains, three extracellular loops, and two cytoplasmic loops. The former embodiment 
can further include an N-terminal extracellular domain. The latter embodiment can 

20 further include a C-terminal cytoplasmic domain. In another embodiment, the LGR6 
can include seven transmembrane domains, three cytoplasmic loops, and three 
extracellular loops and can further include an N-terminal extracellular domain or a C- 
terminal cytoplasmic domain. 

The LGR6 molecules of the present invention can further include at least one 

25 protein phosphorylation site, for example, at least one, two, three, four, five, six and 
preferably, seven Protein Kinase C sites; at least one, two, three, four, and preferably, 
five Casein Kinase II sites; and at least one, and preferably, two tyrosine kinase 
phosphorylation site. The LGR6 can additionally include at least one, five, ten, fifteen, 
sixteen, seventeen, eighteen, nineteen, twenty, and preferably twenty-one N- 

30 myristoylation sites; at least one N-glycosylation site; at least one glycosaminoglycan 
attachment site; and optionally, a signal sequence. For example, LGR6 contains 
predicted Protein Kinase C sites at about amino acids 19-21, 1 15-1 17, 142-144, 163- 
165, 420-422, 685-687 and 844-846 of SEQ ID NO:2, at about amino acids 52-54, 172- 



WO 01/85768 PCT/US01/15002 

-23- 

174 and 350-352 of SEQ ID NO:5, at about amino acids 276-278 and 454-456 of SEQ 
ID NO:8 and at about amino acids 19-21, 115-117, 142-144, 163-165, 507-509 and 685- 
687 of SEQ ID NO:l 1 ; predicted Casein Kinase II sites are located at about amino acids 
328-331, 707-710, 862-865, 874-877 and 910-913 of SEQ ID NO:2, at about amino 
5 acids 372-375, 527-530 and 539-542 of SEQ ID NO:5, at about amino acids 97-100, 
476-479, 631-634 and 643-646 of SEQ ID NO:8 and at about 328-331, 707-710, 862 to 
865, 874-877 of SEQ ID NO: 1 1 ; one, and preferably, two tyrosine kinase 
phosphopyration sites from about amino acids 469-475 of SEQ ID NO:2, at about amino 
acids 134-140 and 182-188 of SEQ ID NO:5, and at about amino acids 238-244 and 

10 286-292 of SEQ ID NO:8 and at about amino acids 469-475 and 517-523 of SEQ ID 
NO:l 1 ; N-myristoylation sites from about amino acids 45-50, 99-104, 107-1 12, 380- 
385, 398-403, 483-488, 493-498, 513-518, 533-538, 563-568, 602-607, 612-617, 641- 
646, 652-657, 684-689, 698-703, 886-891, 922-927, 942-947, 949-954 and 960-965 of 
SEQ IDNO:2, from about amino acids 17-22, 148-153, 158-163, 228-233, 267-272, 

15 277-282, 306-31 1, 317-322, 349-354, 363-368, 390-395, 587-592, 607-612, 613-618 
and 625-630 of SEQ ID NO:5, and from about amino acids 149-154, 252-257, 262-267, 
332-337, 371-376, 381-386, 410-415, 421-426, 453-458, 467-472, 494-499, 691-696, 
711-716, 717-722 and 729-734 of SEQ IDNO:8 and from abot amino acids 45-50, 99- 
104, 107-112, 127-132, 380-385, 483-488, 493-498, 563-568, 602-607, 612-617, 641- 

20 646, 652-657, 684-689, 698-703, 725-730, 922-927942-947, 948-953 and 960-965 of 
SEQ ID NO: 1 1; two N-glycosylation sites from about amino acids 77-80 and 208-21 1 
of SEQ ID NO:2, and from amino acids 1 -4 and 48-5 1 of SEQ ID NO:5 and from about 
amino acids 77-80 and 208-21 1 of SEQ ID NO: 1 1 ; and one glycosaminoglycan 
attachment site from about amino acids 638-641 of SEQ ED NO:2, from about amino 

25 acids 616-619 of SEQ ID NO:5, from about amino acids 720-723 of SEQ ID NO:8 and 
from about amino acids 95 1 -954 of SEQ ID NO: 1 1 . 

As the LGR6 proteins of the present invention may modulate LGR6-mediated 
activities, they may be useful for developing novel diagnostic and therapeutic agents for 
LGR6 associated disorders. 

30 As used herein, a "LGR6-mediated activity" includes an activity which involves 

an LGR6 family member, associated with the regulation, sensing and/or transmission of 
an extracellular signal into a cell, for example, a neural cell, an endocrine cell or an 
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adipose cell. LGR6-mediated activities include, for example, the interaction with (e.g., 
binding to) an extracellular signal (e.g., a glycohormone) or a cell surface receptor (e.g., 
an integrin receptor); the mobilization of an intracellular molecule that participates in a 
signal transduction pathway (e.g., adenylate cyclase or phosphatidylinositol 4,5- 
5 bisphosphate (PIP2X inositol 1,4,5-triphosphate (IP3)); the modulation of cell 

attachment; the modulation of neural development and maintenance; the modulation of 
thermogenesis in adipocytes, e.g., brown adipocytes, or muscle; the modulation of 
endocrine function; and/or the modulation of cardiovascular activities. 

As used herein, an "LGR6 associated disorder" includes a disorder, disease or 

10 condition which is characterized by a misregulation of an LGR6-mediated activity. 
LGR6 associated disorders can detrimentally affect the regulation, sensing and/or 
transmission of an extracellular signal into a cell. As the LGR6 mRNA is expressed in 
adipose cells, e.g., brown fat, heart, brain and skeletal muscle, it is likely that LGR6 
molecules of the present invention may be involved in disorders involving the activity of 

15 these cells. Examples of LGR6 associated disorders include a weight disorder, a 

metabolic disorder, a neural disorder (e.g., a central nervous system (CNS) disorder) an 
endocrine disorder, or a cardiovascular disorder. 

For example, as the LGR6 mRNA is expressed in adipose cells, e.g., brown fat. 
Therefore, aberrant or abnormal LGR6 protein activity and/or nucleic acid expression 

20 may interfere with the normal weight control and metabolic functions. Disorders 

associated with body weight include disorders associated with abnormal body weight or 
abnormal control of body weight. Non-limiting examples of such disorders or diseases 
include, body weight disorders (e.g., anorexia, obesity and/or hyperphagia); eating 
disorders (e.g., anorexia nervosa and/or bulimia nervosa); cachexia; AIDS-related 

25 wasting; and cancer-related wasting. 

In addition, LGR6 mRNA is expressed in the hypothalamus. Accordingly, in 
one embodiment, modulation of LGR6 activity has particular applicability in treating, 
hypothalamic dysfunction and/or disorders. As used herein, the term "hypothalamic 
dysfunction" includes a mis-regulated or aberrantly regulated function or activity 

30 attributed to the hypothalamus in an animal (e.g., in a human), for example, a mis- 
regulated or aberrantly regulated hypothalamic activity, as described herein. As used 
herein, the term "hypothalamic disorder" includes a disease or disorder characterized by 
at least one phenotypic manifestation (e.g., a clinically detectable manifestation or 
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symptom) of a hypothalamic dysfunction, as defined herein. The term "hypothalamic 
activity", as used herein, includes at least one or more of the following activities: (1) 
modulation (e.g., repression or stimulation) of brain anabolic circuits or pathways; (2) 
modulation (e.g., repression or stimulation) of brain catabolic pathways; (3) modulation 
5 of food intake and/or feeding behavior (e.g. , stimulation of or inhibition/suppression of 
food intake and/or feeding behavior); (4) modulation of energy expenditure (e.g., 
suppression or stimulation of energy expenditure); (5) regulation of energy homeostasis; 
(6) regulation of body fat mass; (7) regulation of body temperature; (8) regulation of the 
sleep-wake cycle; (9) regulation of memory and/or behavior; (10) control of thirst; and 

10 (11) regulation of autonomic nervous system function; (12) modulation of cellular signal 
transduction, either in vitro or in vivo; (13) regulation of gene transcription in a cell 
expressing an LGR6 protein; (14) regulation of cellular proliferation; (15) regulation of 
cellular differentiation; (16) regulation of development; (17) regulation of cell death; 
(18) regulation of inflammation; and (19) regulation of respiratory cell function. 

1 5 Modulation of an LGR6 activity as described above may be included as part of a multi- 
drug regime that targets multiple sites within the weight regulatory system, temperature 
regulatory system, sleep-wake cycle control system, memory and/or behavior regulatory 
systems, thirst regulatory system and/or autonomic nervous system. 

CNS disorders such as cognitive and neurodegenerative disorders, examples of 

20 which include, but are not limited to, Alzheimer's disease, dementias related to 

Alzheimer's disease (such as Pick's disease), Parkinson's and other Lewy diffuse body 
diseases, senile dementia, Huntington's disease, Gilles de laTourette's syndrome, 
multiple sclerosis, amyotrophic lateral sclerosis, movement disorders, progressive 
supranuclear palsy, epilepsy, AIDS related dementia, and Jakob-Creutzfieldt disease; 

25 autonomic function disorders such as hypertension and sleep disorders, and . 

neuropsychiatry disorders, such as depression, schizophrenia, schizoaffective disorder, 
korsakoffs psychosis, mania, anxiety disorders, or phobic disorders; learning or 
memory disorders, e.g., amnesia or age-related memory loss, attention deficit disorder, 
dysthymic disorder, major depressive disorder, mania, obsessive-compulsive disorder, 

30 psychoactive substance use disorders, anxiety, phobias, panic disorder, as well as bipolar 
affective disorder, e.g., severe bipolar affective (mood) disorder (BP-1), and bipolar 
affective neurological disorders, e.g., migraine and obesity. Further CNS-related 
disorders include, for example, those listed in the American Psychiatric Association's 
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Diagnostic and Statistical manual of Mental Disorders (DSM), the most current version 
of which is incorporated herein by reference in its entirety. 

As used herein, the term "cardiovascular disorder" includes a disease, disorder, 
or state involving the cardiovascular system, e.g., the heart, the blood vessels, and/or the 
5 blood. A cardiovascular disorder can be caused by an imbalance in arterial pressure, a 
malfunction of the heart, or an occlusion of a blood vessel, e.g., by a thrombus. 
Cardiovascular system disorders in which the LGR6 molecules of the invention may be 
directly or indirectly involved include arteriosclerosis, atherosclerosis, ischemia 
reperfusion injury, restenosis, arterial inflammation, vascular wall remodeling, 

1 0 ventricular remodeling, rapid ventricular pacing, coronary microembolism, tachycardia, 
bradycardia, pressure overload, aortic bending, coronary artery ligation, valvular heart 
disease, atrial fibrilation, Jervell syndrome, Lange-Nielsen syndrome, long-QT 
syndrome, congestive heart failure, sinus node dysfunction, angina, heart failure, 
hypertension, atrial fibrillation, atrial flutter, cardiomyopathies (e.g., dilated 

15 cardiomyopathy, idiopathic cardiomyopathy), myocardial infarction, coronary artery 
disease, coronary artery spasm, and arrhythmias. 

As used herein, the term "congestive heart failure" includes a condition 
characterized by a diminished capacity of the heart to supply the oxygen demands of the 
body. Symptoms and signs of congestive heart failure include diminished blood flow to 

20 the various tissues of the body, accumulation of excess blood in the various organs, e.g. , 
when the heart is unable to pump out the blood returned to it by the great veins, 
exertional dyspnea, fatigue, and/or peripheral edema, e.g., peripheral edema resulting 
from left ventricular dysfunction. Congestive heart failure may be acute or chronic. 
The manifestation of congestive heart failure usually occurs secondary to a variety of 

25 cardiac or systemic disorders that share a temporal or permanent loss of cardiac 

function. Examples of such disorders include hypertension, coronary artery disease, 
valvular disease, and cardiomyopathies, e.g., hypertrophic, dilative, or restrictive 
cardiomyopathies. Congestive heart failure is described in, for example, Cohn J.N. et ah 
(1998) American Family Physician 57:1901-04, the contents of which are incorporated 

30 herein by reference. 

As used herein, an "endocrine disorder" refers to an abnormal hormonally- 
mediated metabolic function of the body such as controlling the rates of chemical 
reactions in the cells, the transport of substances through cell membranes or other 
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aspects of cellular metabolism such as growth and secretion. Non-limiting examples of 
endocrine disorders include hypothyroidism, hyperthyroidism, dwarfism, giantism, 
acromegaly, among others (Guyton, A.C. Medical Physiology 6 th Ed. W.B. Saunders 
Co. Philadelphia). 

5 The LGR6 protein may participate in signaling pathways within cells, e.g. , 

signaling pathways involved in proliferation or differentiation. As used herein, a 
signaling pathway refers to the modulation (e.g., the stimulation or inhibition) of a 
cellular function/activity upon the binding of a ligand to the GPCR (LGR6 protein). In 
some embodiments, the LGR6 proteins of the invention may share the same ligands as 

10 LGR4 and LGR5 proteins. Examples of such functions include mobilization of 

intracellular molecules that participate in a signal transduction pathway, e.g., adenylate 
cyclase, or phosphatidylinositol 4,5-bisphosphate (PIP2X inositol 1,4,5-triphosphate 
(IP3); production or secretion of molecules; alteration in the structure of a cellular 
component; cell proliferation, e.g., synthesis of DNA; cell migration; cell attachment; 

1 5 cell differentiation; and cell survival. Since the LGR6 protein is expressed substantially 
in adipose tissues (e.g., brown fat), brain, heart, skeletal muscle, examples of cells 
participating in an LGR6 signaling pathway include adipose cells, brain cells, heart and 
skeletal muscle cells. 

Depending on the type of cell, the response mediated by the LGR6 protein/ligand 

20 binding may be different. For example, in some cells, binding of a ligand to an LGR6 
protein may stimulate an activity such as adhesion, migration, differentiation, and the 
like through cyclic AMP metabolism or phosphatidylinositol turnover. Regardless of 
the cellular activity modulated by LGR6, it is universal that as a GPCR, the LGR6 
protein interacts with a "G protein" to produce one or more secondary signals in a 

25 variety of intracellular signal transduction pathways, e.g. , through cyclic AMP 
metabolism or phosphatidylinositol turnover, in a cell. 

The term "G proteins" refers to a family of heterotrimeric proteins composed of 
a, p and y subunits, which bind guanine nucleotides. These proteins are usually linked 
to cell surface receptors, e.g., receptors containing seven transmembrane domains, such 

30 as the ligand receptors. Following ligand binding to the receptor, a conformational 

change is transmitted to the G protein, which causes the ot-subunit to exchange a bound 
GDP molecule for a GTP molecule and to dissociate from the Py-subunits. The GTP- 
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bound form of the a-subunit typically functions as an effector-modulating moiety, 
leading to the production of second messengers, such as cyclic AMP (e.g., by activation 
of adenylate cyclase), diacylglycerol or inositol phosphates. Greater than 20 different 
types of a-subunits are known in man, which associate with a smaller pool of p and y 
5 subunits. Examples of mammalian G proteins include Gi, Go, Gq, Gs and Gt. G 

proteins are described extensively in Lodish H. et al Molecular Cell Biology, (Scientific 
American Books Inc., New York, N.Y., 1995), the contents of which are incorporated 
herein by reference. 

Another signaling pathway in which the LGR6 protein may participate is the 

10 cAMP turnover pathway. As used herein, "cyclic AMP turnover and metabolism" 

includes molecules involved in the turnover and metabolism of cyclic AMP (cAMP), as 
well as to the activities of these molecules. Cyclic AMP is a second messenger 
produced in response to ligand induced stimulation of certain G protein coupled 
receptors. In the ligand signaling pathway, binding of ligand to a ligand receptor can 

15 lead to the activation of the enzyme adenylate cyclase, which catalyzes the synthesis of 
cAMP. The newly synthesized cAMP can in turn activate a cAMP-dependent protein 
kinase. cAMP pathways have been implicated in the regulation of thermogenesis and 
lipolysis in brown fat. 

As used herein, the phrase "phosphatidylinositol turnover and metabolism" 

20 includes the molecules involved in the turnover and metabolism of phosphatidylinositol 
4,5-bisphosphate (PIP2) as well as to the activities of these molecules. PIP2 is a 
phospholipid found in the cytosolic leaflet of the plasma membrane. Binding of a ligand 
to the LGR6 activates, in some cells, the plasma-membrane enzyme phospholipase C 
that in turn can hydrolyze PIP2 to produce 1,2-diacylglycerol (DAG) and inositol 1,4,5- 

25 triphosphate (IP3). Once formed IP3 can diffuse to the endoplasmic reticulum surface 
where it can bind an IP3 receptor. IP3 binding can induce opening of the channel, 
allowing calcium ions to be released into the cytoplasm. IP3 can also be phosphorylated 
by a specific kinase to form inositol 1,3,4,5-tetraphosphate (IP4), a molecule which can 
cause calcium entry into the cytoplasm from the extracellular medium. IP3 and IP4 can 

30 subsequently be hydrolyzed very rapidly to the inactive products inositol 1 ,4- 

biphosphate (IP2) and inositol 1,3,4-triphosphate, respectively. These inactive products 
can be recycled by the cell to synthesize PEP2. The other second messenger produced 
by the hydrolysis of PIP2, namely 1,2-diacylglycerol (DAG), remains in the cell 



WO 01/85768 PCT/US01/15002 

-29- 

membrane where it can serve to activate the enzyme protein kinase C. Protein kinase C 
is usually found soluble in the cytoplasm of the cell, but upon an increase in the 
intracellular calcium concentration, this enzyme can move to the plasma membrane 
where it can be activated by DAG. The activation of protein kinase C in different cells 
5 results in various cellular responses such as the phosphorylation of glycogen synthase, 
or the phosphorylation of various transcription factors, e.g., NF-kB. The language 
"phosphatidylinositol activity", as used herein, includes an activity of PIP2 or one of its 
metabolites. 

In one embodiment, isolated proteins of the present invention, preferably LGR6 

10 proteins, have an amino acid sequence sufficiently homologous to the amino acid sequence 
of SEQ ID NO:8, or are encoded by a nucleotide sequence sufficiently homologous to SEQ 
ID NO:7 or SEQ ID NO:9. In yet another embodiment, isolated proteins of the present 
invention, preferably LGR6 proteins, have an amino acid sequence sufficiently 
homologous to the amino acid sequence of SEQ ID NO:l 1, or are encoded by a nucleotide 

1 5 sequence sufficiently homologous to SEQ ID NO: 1 0 or SEQ ID NO: 12. As used herein, 
the term "sufficiently homologous" refers to a first amino acid or nucleotide sequence 
which contains a sufficient or minimum number of identical or equivalent (e.g., an amino 
acid residue which has a similar side chain) amino acid residues or nucleotides to a second 
amino acid or nucleotide sequence such that the first and second amino acid or nucleotide 

20 sequences share common structural domains or motifs and/or a common functional 

activity. For example, amino acid or nucleotide sequences which share common structural 
domains have at least 60% homology, preferably 65% homology, more preferably 70%- 
80%, and even more preferably 90-95% homology across the amino acid sequences of the 
domains and contain at least one and preferably two structural domains or motifs, are 

25 defined herein as sufficiently homologous. Furthermore, amino acid or nucleotide 

sequences which share at least 60%, preferably 65%, more preferably 70-80%, or 90-95% 
homology and share a common functional activity are defined herein as sufficiently 
homologous. 

As used interchangeably herein, a "LGR6 activity", "biological activity of 
30 LGR6" or "functional activity of LGR6", refers to an activity exerted by an LGR6 
protein, polypeptide or nucleic acid molecule on an LGR6 responsive cell or on an 
LGR6 protein substrate, as determined in v/vo, or in vitro, according to standard 
techniques. In one embodiment, an LGR6 activity is a direct activity, such as an 
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association with an LGR6-target molecule. As used herein, a "target molecule" or 
"binding partner" is a molecule with which an LGR6 protein binds or interacts in nature, 
such that LGR6-mediated function is achieved. An LGR6 target molecule can be a non- 
LGR6 molecule or an LGR6 protein or polypeptide of the present invention. In an 
5 exemplary embodiment, an LGR6 target molecule is a ligand or a G protein. 
Alternatively, an LGR6 activity is an indirect activity, such as a cellular signaling 
activity mediated by interaction of the LGR6 protein with a ligand or a G-protein. The 
biological activities of LGR6 are described herein. For example, the LGR6 proteins of 
the present invention can have one or more of the following activities: (1) interact with 

10 (e.g., bind to) an extracellular signal, e.g., a glycohormone, or a cell surface receptor; (2) 
mobilize an intracellular molecule that participates in a signal transduction pathway such 
as adenylate cyclase or phosphatidylinositol 4,5-bisphosphate (PIP2X inositol 1,4,5- 
triphosphate (IP3); (3) modulate cell attachment; (4) modulate neural development and 
maintenance; (5) modulate thermogenesis in adipocytes, e.g., brown adipocytes, or 

15 muscle; (6) modulate endocrine function; and (7) modulate cardiovascular activities. 

Accordingly, another embodiment of the invention features isolated LGR6 
proteins and polypeptides having an LGR6 activity. Preferred proteins are LGR6 
proteins having at least one extracellular domain, at least one leucine-rich repeat, at least 
one RGD-cell attachment site, at least one transmembrane domain and at least one 

20 cytoplasmic domain, and preferably, an LGR6 activity. Other preferred proteins are 
LGR6 proteins having at least one extracellular domain and, preferably, an LGR6 
activity. Other preferred proteins are LGR6 proteins having at least one leucine-rich 
repeat and, preferably, an LGR6 activity. Other preferred proteins are LGR6 proteins 
having at least one RGD-cell attachment site and, preferably, an LGR6 activity. Other 

25 preferred proteins are LGR6 proteins having at least one transmembrane domain and, 
preferably, an LGR6 activity. Other preferred proteins are LGR6 proteins having at 
least one cytoplasmic domain, and, preferably, an LGR6 activity. Other preferred 
proteins are LGR6 proteins having at least one extracellular domain, at least one 
leucine-rich repeat, at least one RGD-cell attachment site, at least one transmembrane 

30 domain and at least one cytoplasmic domain, and are, preferably, encoded by a nucleic 
acid molecule having a nucleotide sequence which hybridizes under stringent 
hybridization conditions to a nucleic acid molecule comprising the nucleotide sequence 
of SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO:10 or SEQ ID NO:12. 
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The nucleotide sequence of the isolated mouse LGR6 cDNA (clone 
ftmzb048hl0) and its predicted amino acid sequence are shown in Figure 1 and in SEQ 
ID NOs:l and 2, respectively. 

The mouse LGR6 cDNA (clone ftmzb048hl0) sequence (SEQ ID NO:l), which 
5 is approximately 3637 nucleotides long including untranslated regions, contains a 
predicted methionine-initiated coding sequence of about 2900 nucleotides (nucleotides 
222-3 122 of SEQ ID NO:l; SEQ ID NO:3) which encodes a 967 amino acid protein 
(SEQ ID NO:2). The mouse LGR6 protein of SEQ ID NO:2 includes an amino-terminal 
hydrophobic amino acid sequence, consistent with a signal sequence, of about 23 amino 

10 acids (from amino acid 1 to about amino acid 23 of SEQ ID NO:2), which upon protease 
removal results in the production of the mature protein. 

The mature protein is approximately 944 amino acid residues in length (from 
about amino acid 24 to amino acid 967 of SEQ ID NO:2). Mouse LGR6 contains one 
long extracellular domain located at about amino acid residues 1-563 of SEQ ID NO:2; 

15 sixteen leucine-rich repeats (PF00560) are located at about amino acid residues 67 to 90, 
91 to 1 14, 1 15 to 138, 139 to 162, 163 to 186, 187 to 210, 21 1 to 234, 235 to 257, 258 to 
28 1 , 282 to 305, 306 to 329, 330 to 352, 353 to 375, 376 to 398, 399 to 422, and 423 to 
446 of SEQ ID NO:2 of SEQ ID NO:2; one RGD cell attachment site is located at about 
amino acid residues 760-762 of SEQ ID NO:2; seven transmembrane domains which 

20 extend from about amino acid 564 (extracellular end) to about amino acid 590 

(cytoplasmic end) of SEQ ID NO:2; from about amino acid 598 (cytoplasmic end) to 
about amino acid 620 (extracellular end) of SEQ ID NO:2; from about amino acid 645 
(extracellular end) to about amino acid 669 (cytoplasmic end) of SEQ ID NO:2; from 
about amino acid 684 (cytoplasmic end) to about amino acid 704 (extracellular end); 

25 from about amino acid 731 (extracellular end) to about amino acid 751 (cytoplasmic 
end); from about amino acid 773 (cytoplasmic end) to about amino acid 798 
(extracellular end); and from about amino acid 812 (extracellular end) to about amino 
acid 834 (cytoplasmic end); three cytoplasmic loops found at about amino acids 591- 
597, 670-683, and 752-772 of SEQ ID NO:2; three extracellular loops found at about 

30 amino acid 621-644, 705-730 and 799-81 1 of SEQ ID NO:2; and a C-terminal 

cytoplasmic domain is found at about amino acid residues 835-968 of SEQ ID NO:2. ). 

The mouse LGR6 protein (clone ftmzb048hl0 protein) additionally contains 
seven predicted protein kinase C phosphorylation sites (PS00005) from amino acids 19- 
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21, 1 15-1 17, 142-144, 163-165, 420-422, 685-687 and 844-846 of SEQ ID NO:2; five 
casein kinase II phosphorylation sites (PS00006) from amino acids acids 328-331, 707- 
710, 862-865, 874-877 and 910-913 of SEQ ID NO:2; one tyrosine kinase 
phosphorylation site (PS00007) from amino acid 469-475 of SEQ ID NO:2; twenty-one 
5 N-myristoylation sites (PS00008) from amino acids 45-50, 99-104, 107-1 12, 380-385, 
398-403, 483-488, 493-498, 513-518, 533-538, 563-568, 602-607, 612-617, 641-646, 
652-657, 684-689, 698-703, 886-891, 922-927, 942-947, 949-954 and 960-965 of SEQ 
ID NO:2; two N-glycosylation sites from about amino acids 77-80 and 208-21 1 of SEQ 
ID NO:2; and one glycosaminoglycan attachment site from about amino acids 638-641 

10 ofSEQIDNO:2. 

The nucleotide sequence of the isolated full length human LGR6 cDNA (clone 
Fbhl50881) and its predicted amino acid sequence are shown in Figure 14 and 15, and 
in SEQ ID NOs:10 and 1 1, respectively. 

The human LGR6 cDNA (clone 15088) sequence (SEQ ID NO: 10), which is 

1 5 approximately 3492 nucleotides long including untranslated regions, contains a 

predicted methionine-initiated coding sequence of about 2901 nucleotides (nucleotides 
104-3004 od SEQ ID NO:10, SEQ ID NO:12) which encodes a 968 amino acid protein 
(SEQ ID NO: 1 1). The human LGR6 protein of SEQ ID NO: 1 1 includes an amino- 
terminal hydrophobic amino acid sequence, consistent with a signal sequence, of about 

20 25 amino acids (from amino acid 1 to about amino acid 25 of SEQ ID NO:l 1), which 
upon protease removal results in the production of the mature protein. 

The mature protein is approximately 943 amino acid residues in length (from 
about amino acid 25 to amino acid 968 of SEQ ID NO: 1 1). Human LGR6 is localized 
in the endoplasmic reticulum, the mitochondria, the vesicles of the secretory system and 

25 the Golgi. Human LGR6 contains sixteen leucine-rich repeats (PF00560) are located at 
about amino acid residues 67 to 90, 91 to 114, 1 15 to 138, 139 to 162, 163 to 186, 187 
to 210, 21 1 to 234, 235 to 257, 258 to 281, 282 to 305, 306 to 329, 330 to 352, 353 to 
375, 376 to 398, 399 to 422, and 423 to 446 of SEQ ID NO: 1 1 ; one RGD cell 
attachment site is located at about amino acid residues 760-762 of SEQ ID NO:l 1; six 

30 transmembrane domains which extend from about amino acid 566 (extracellular end) to 
about amino acid 590 (cytoplasmic end) of SEQ ID NO:l 1 ; from about amino acid 599 
(cytoplasmic end) to about amino acid 621 (extracellular end) of SEQ ID NO:l 1 ; from 
about amino acid 646 (extracellular end) to about amino acid 665 (cytoplasmic end) of 
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SEQ ED N0:1 1; from about amino acid 688 (cytoplasmic end) to about amino acid 709 
(extracellular end) of SEQ ID NO:l 1 ; from about amino acid 728 (extracellular end) to 
about amino acid 752 (cytoplasmic end) of SEQ ID NO:l 1; and from about amino acid 
777 (cytoplasmic end) to about amino acid 801 (extracellular end) of SEQ ID NO:l 1 . 
5 The human LGR6 protein (clone 15088) additionally contains six predicted 

protein kinase C phosphorylation sites (PS00005) from amino acids 19-21, 1 15-117, 
142-144, 163-165, 507-509 and 685-687 of SEQ ID NO:l 1; four casein kinase II 
phosphorylation sites (PS00006) from amino acids acids 328-331, 707-710, 862-865 and 
874-877of SEQ ID NO: 1 1 ; two tyrosine kinase phosphorylation sites (PS00007) from 

10 amino acid 469-475 and 517-523 of SEQ ID NO:l 1; nineteen N-myristoylation sites 
(PS00008) from amino acids amino acids 45-50, 99-104, 107-1 12, 127-132, 380-385, 
483-488, 493-498, 563-568, 602-607, 612-617, 641-646, 652-657, 684-689, 698-703, 
725-730, 922-927942-947, 948-953 and 960-965 of SEQ ID NO: 11; two N- 
glycosylation sites from about amino acids 77-80 and 208-21 1 of SEQ ID NO: 1 1 ; and 

1 5 one glycosaminoglycan attachment site from about amino acids 95 1 -954 of SEQ ID 
NO: 1 1 ; three prokaryotic membrane lipoprotein lipid attachment sitees from about 
amino acids 605-615, 663-673 and 894-904; one leucine zipper pattern from about 
amino acid 57-78; one C-terminal targeting signal from about amino acid 965-968; one 
Glycoprotein EGF-like Domain receptor from about amino acids 70-433. 

20 The nucleotide sequence of the isolated human LGR6 cDNA (clone fahr) and its 

predicted amino acid sequence are shown in Figures 4 and 5, and in SEQ ID NOs:4 and 
5, respectively. 

In one embodiment the human LGR6 cDNA (clone fahr) sequence (SEQ ID 
NO:l), which is approximately 2486 nucleotides long including untranslated regions, 

25 contains coding sequence of about 1 899 nucleotides (nucleotides 1-1 899 of SEQ ID 
NO:4; SEQ ID NO:6) which encodes a 633 amino acid protein (SEQ ID NO:5). An 
alignment of clone fahr and clone ftmzb048hl0 is shown in Figure 7. 

The protein encoded by human LGR6 cDNA (clone fahr) is approximately 633 
amino acid residues in length (SEQ ID NO:5) and contains two leucine-rich repeat 

30 located at about amino acid residues 64 to 87 and 88 to 1 1 1 of SEQ ID NO:5; one RGD 
cell attachment site is located at about amino acid residues 425-467 of SEQ ID NO:5; 
seven transmembrane domains which extend from about amino acid 230 (extracellular 
end) to about amino acid 256 (cytoplasmic end) of SEQ ID NO:5; from about amino 
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acid 264 (cytoplasmic end) to about amino acid 286 (extracellular end) of SEQ ID 
NO:5; from about amino acid 3 1 1 (extracellular end) to about amino acid 336 
(cytoplasmic end) of SEQ ID NO:5; from about amino acid 350 (cytoplasmic end) to 
about amino acid 370 (extracellular end) of SEQ ID NO:5; from about amino acid 397 
5 (extracellular end) to about amino acid 417 (cytoplasmic end) of SEQ ID NO:5; from 
about amino acid 440 (cytoplasmic end) to about amino acid 464 (extracellular end) of 
SEQ ID NO: 5; and from about amino acid 478 (extracellular end) to about amino acid 
500 (cytoplasmic end); three cytoplasmic loops found at about amino acids 257-263, 
337-349 and 41 8-439 of SEQ ID NO:5; three extracellular loops found at about amino 

10 acid 287-310, 371-396 and 465-477 of SEQ ID NO:5; and a C-terminal cytoplasmic 
domain is found at about amino acid residues 501-633 of SEQ ID NO:5. 

The human LGR6 protein additionally contains three predicted protein kinase C 
phosphorylation sites (PS00005) from amino acids 52-54, 172-174 and 350-352 of SEQ 
ID NO:5; three casein kinase II phosphorylation sites (PS00006) from amino acids acids 

1 5 372-375, 527-530 and 539-542 of SEQ ID NO:5; two tyrosine kinase phosphorylation 
site (PS00007) from amino acid 134-140 and 182-188 of SEQ ID NO:5; fifteen N- 
myristoylation sites (PS00008) from amino acids 17-22, 148-153, 158-163, 228-233, 
267-272, 277-282, 306-31 1, 317-322, 349-354, 363-368, 390-395, 587-592, 607-612, 
613-618 and 625-630 of SEQ ID NO:5; two N-glycosylation sites from about amino 

20 acids 1-4 and 48-51 of SEQ ID NO:5; and one glycosaminoglycan attachment site from 
about amino acids 616-619 of SEQ ID NO:5. 

In another embodiment the human LGR6 cDNA (clone fahr) sequence (SEQ ID 
NO:7), which is approximately 271 1 nucleotides long including untranslated regions, 
contains coding sequence of about 2208 nucleotides (nucleotides 1-2208 of SEQ ID 

25 NO:7; SEQ ID NO:9) which encodes a 736 amino acid protein (SEQ ID NO:5). An 
alignment of the nucleotide sequences and amino acid sequences of clone fahr and clone 
ftmzb048hl0 is shown in Figures 12 and 13, respectively. 

The protein encoded by human LGR6 cDNA (SEQ ID NO:7) is approximately 
736 amino acid residues in length (SEQ ID NO:8) and contains leucine-rich repeat 

30 domains located at about amino acid residues 4-26, 27-50, 51-74, 75-97, 98-121, 122- 
143, 144-167, 168-191, and 192-215 of SEQ ID NO:8; one RGD cell attachment site is 
located at about amino acid residues 529-53 1 of SEQ ID NO:8; seven transmembrane 
domains which extend from about amino acid 333 (extracellular end) to about amino 
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acid 359 (cytoplasmic end) of SEQ ID NO:8; from about amino acid 367 (cytoplasmic 
end) to about amino acid 389 (extracellular end) of SEQ ID NO:8; from about amino 
acid 414 (extracellular end) to about amino acid 439 (cytoplasmic end) of SEQ ID 
NO: 8; from about amino acid 453 (cytoplasmic end) to about amino acid 473 
5 (extracellular end) of SEQ ID NO:8; from about amino acid 500 (extracellular end) to 
about amino acid 520 (cytoplasmic end) of SEQ ID NO:8; from about amino acid 543 
(cytoplasmic end) to about amino acid 567 (extracellular end) of SEQ ID NO:8; and 
from about amino acid 581 (extracellular end) to about amino acid 603 (cytoplasmic 
end) of SEQ ID NO:8; two 7 tm_l domains at about amino acid residues 404-43 1 and 

10 553-596 of SEQ ID NO:8; three cytoplasmic loops found at about amino acids 360-366, 
440-452 and 521-542 of SEQ ID NO:8; three extracellular loops found at about amino 
acid residues 390-413, 474-499 and 568-580 of SEQ ID NO:8; and a C-terminal 
cytoplasmic domain is found at about amino acid residues 604-736 of SEQ ID NO:8. 
The human LGR6 protein additionally contains two predicted protein kinase C 

15 phosphorylation sites (PS00005) from amino acids 276-278 and 454-456 of SEQ ID 
NO:8; four casein kinase II phosphorylation sites (PS00006) from amino acids acids 97- 
100, 476-479, 631-634 and 643-646 of SEQ ID NO:8; two tyrosine kinase 
phosphorylation site (PS00007) from amino acids 238-244 and 286-292 of SEQ ID 
NO:8; fifteen N-myristoylation sites (PS00008) from amino acids acids 149-154, 252- 

20 257, 262-267, 332-337, 371-376, 381-386, 410-415, 421-426, 453-458, 467-472, 494- 
499, 691-696, 71 1-716, 717-722 and 729-734 of SEQ ID NO:8; and one 
glycosaminoglycan attachment site from about amino acids 720-723 of SEQ ID NO:8. 

For general information regarding PFAM identifiers, PS prefix and PF prefix 
domain identification numbers, refer to Sonnhammer et al (1997) Protein 28:405-420 

25 and http://www.psc.edu/general/ software/packages/pfam/pfam.html. 

As detected using a partial sequence of the mouse clone ftmzb048hl0 gene 
(clone jambbOldl 1), this gene is expressed in mouse brown fat (with undetectable levels 
of expression in white fat), with lower levels of expression detected in the mouse heart 
and the brain. In the developing mouse (embryonic day 17), the clone ftmzb048hl0 

30 gene is expressed in brown fat, smooth muscle of the heart vessel, smooth muscle of the 
bronchiole, epithelial-cell layer of the trachea, mesenchymal cell layer of the tooth, 
intravertebral disk and developing flat bone of the skull. In the adult mouse brain, this 
gene is expressed in the hypothalamus (arcuate nucleus and periventricular nucleus), 
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eppendymal cell layer of the third ventricle close to the arcuate nucleus region, the 
supraoptic nucleus, the cortex, hippocampus, paraventral, paracentral, medio-dorsal and 
intradorsal thalamic nuclei. 

In humans, the distribution of the LGR6 gene was found in decreasing order of 
5 abundance in the human heart, brain and skeletal muscle. 

The LGR6 nucleic acids and polypeptides of the invention may play roles in 
normal and pathological processes involving the cells and tissues that express them, or 
cells and tissues that contact said LGR6 polypeptides. For example, since LGR6 
molecules are expressed in the heart, as shown in Example 2, LGR6 molecules may be 

10 involved in cardiovascular disorders including, but not limited to, atherosclerosis, 
ischaemia reperfusion injury, cardiac hypertrophy, hypertension, coronary artery 
disease, myocardial infarction, arrythmia, cardiomyopathies, and congestive heart 
failure. Similarly, since the LGR6 molecules are expressed in adipose tissues, e.g., 
brown fat cells, these molecules may be involved in, for example, thennogenesis. 

15 Accordingly, the LGR6 molecules may be involved in weight disorders, including, e.g. , 
obesity, cachexia and anorexia. Similarly, the expression of LGR6 molecules in the 
human skeletal muscle suggests that these molecules may be involved in thennogenesis 
in humans. 

20 Various aspects of the invention are described in further detail in the following 

subsections: 

I. Isolated Nucleic Acid Molecules 

One aspect of the invention pertains to isolated nucleic acid molecules that 

25 encode LGR6 proteins or biologically active portions thereof, as well as nucleic acid 
fragments sufficient for use as hybridization probes to identify LGR6-encoding nucleic 
acid molecules (e.g., LGR6 mRNA) and fragments for use as PCR primers for the 
amplification or mutation of LGR6 nucleic acid molecules. As used herein, the term 
"nucleic acid molecule" is intended to include DNA molecules (e.g., cDNA or genomic 

30 DNA) and RNA molecules (e.g. , mRNA) and analogs of the DNA or RNA generated 
using nucleotide analogs. The nucleic acid molecule can be single-stranded or double- 
stranded, but preferably is double-stranded DNA. 
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An "isolated" nucleic acid molecule is one which is separated from other nucleic 
acid molecules which are present in the natural source of the nucleic acid. Preferably, 
an "isolated" nucleic acid is free of sequences which naturally flank the nucleic acid 
(i.e., sequences located at the 5' and 3' ends of the nucleic acid) in the genomic DNA of 
5 the organism from which the nucleic acid is derived. For example, in various 

embodiments, the isolated LGR6 nucleic acid molecule can contain less than about 5 kb, 
4kb, 3kb, 2kb, 1 kb, 0.5 kb or 0.1 kb of nucleotide sequences which naturally flank the 
nucleic acid molecule in genomic DNA of the cell from which the nucleic acid is 
derived. Moreover, an "isolated" nucleic acid molecule, such as a cDNA molecule, can 

10 be substantially free of other cellular material, or culture medium when produced by 
recombinant techniques, or substantially free of chemical precursors or other chemicals 
when chemically synthesized. 

A nucleic acid molecule of the present invention, e.g., a nucleic acid molecule 
having the nucleotide sequence of SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO: 1 0, SEQ 

15 ID NO: 1 2, or a portion thereof, can be isolated using standard molecular biology 

techniques and the sequence information provided herein. Using all or portion of the 
nucleic acid sequence of SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO: 1 0, SEQ ID NO: 1 2, 
as a hybridization probe, LGR6 nucleic acid molecules can be isolated using standard 
hybridization and cloning techniques (e.g., as described in Sambrook, J., Fritsh, E. F., 

20 and Maniatis, T. Molecular Cloning: A Laboratory Manual 2nd, ed, Cold Spring 
Harbor Laboratory, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 
1989). 

Moreover, a nucleic acid molecule encompassing all or a portion of SEQ ID 
NO:7, SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:12, can be isolated by the 
25 polymerase chain reaction (PGR) using synthetic oligonucleotide primers designed 
based upon the sequence of SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO:10, SEQ ID 
NO:12 

A nucleic acid of the invention can be amplified using cDNA, mRNA or 
alternatively, genomic DNA, as a template and appropriate oligonucleotide primers 
30 according to standard PCR amplification techniques. The nucleic acid so amplified can 
be cloned into an appropriate vector and characterized by DNA sequence analysis. 
Furthermore, oligonucleotides corresponding to LGR6 nucleotide sequences can be 
prepared by standard synthetic techniques, e.g., using an automated DNA synthesizer. 
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In yet another preferred embodiment, an isolated nucleic acid molecule of the 
invention comprises the nucleotide sequence shown in SEQ ID NO:7. The sequence of 
SEQ ID NO:7 corresponds to the human LGR6 cDNA (clone fahr cDNA). This cDNA 
comprises sequences encoding the human LGR6 protein (i.e., "the coding region", from 
5 nucleotides 1-2208), as well as 3' untranslated sequences (nucleotides 2209-271 1) of 
SEQ ID NO:7. Alternatively, the nucleic acid molecule can comprise only the coding 
region of SEQ ID NO:7 (e.g., nucleotides 1-2208, corresponding to SEQ ID NO:9). 

In yet another preferred embodiment, an isolated nucleic acid molecule of the 
invention comprises the nucleotide sequence shown in SEQ ID NO: 1 0. The sequence of 

1 0 SEQ ID NO: 1 0 corresponds to the full length nucleotide sequence of human LGR6 
(clone Fbhl 50881). This sequence comprises sequences encoding the human LGR6 
protein (i.e. 9 "the coding region" from nucleotides 104 to 3004 ), as well as 3' 
untranslated sequences (nucleotides 1-103), as well as 5' untranslated sequences 
(nucleotides 3005-3492) of SEQ ID NO: 10. Alternatively, the nucleic acid molecule 

15 can comprise only the coding region of SEQ IDNO:10 (e.g., nucleotides 104-3004, 
corresponding to SEQ ID NO: 1 2). 

In another preferred embodiment, an isolated nucleic acid molecule of the 
invention comprises a nucleic acid molecule which is a complement of the nucleotide 
sequence shown in SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO: 12, or a 

20 portion of any of these nucleotide sequences. A nucleic acid molecule which is 

complementary to the nucleotide sequence shown in SEQ ID NO:7, SEQ ID NO:9, SEQ 
ED NO:10, SEQ ID NO:12, is one which is sufficiently complementary to the nucleotide 
sequence shown in SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO: 12, such 
that it can hybridize to the nucleotide sequence shown in SEQ ID NO:7, SEQ ID NO:9, 

25 SEQ ID NO:10, SEQ ID NO:12, thereby forming a stable duplex. 

In still another preferred embodiment, an isolated nucleic acid molecule of the 
present invention comprises a nucleotide sequence which is at least about 60%, 65%, 
70%, 75%, 80%, 85%, 90%, 95% or more homologous to the entire length of the 
nucleotide sequence shown in SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO:10, SEQ ID 

30 NO:12, or a portion of any of these nucleotide sequences. 



A. LGR6 Nucleic Acid Fragments 
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Moreover, the nucleic acid molecule of the invention can comprise only a 
portion of the nucleic acid sequence of SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO: 10, 
SEQ ID NO: 12, for example a fragment which can be used as a probe or primer or a 
fragment encoding a biologically active portion of an LGR6 protein, e.g., a fragment 
5 comprising nucleotides 422 to 563 of SEQ ID NO: 1 , which encodes a leucine-rich 
repeat of mouse LGR6. Alernatively, a fragment comprising nucleotides 192 to 362 of 
SEQ ID NO:4, which encodes a leucine-rich repeat of human LGR6 can be used. The 
nucleotide sequence determined from the cloning of the LGR6 gene allows for the 
generation of probes and primers designed for use in identifying and/or cloning other 

10 LGR6 family members, as well as LGR6 homologues from other species. 

The probe/primer typically comprises substantially purified oligonucleotide. The 
oligonucleotide typically comprises a region of nucleotide sequence that hybridizes 
under stringent conditions to at least about 12 to 15, preferably about 20 to 25, more 
preferably about 30, 35, 40, 45, 50, 55, 60, 65, or 75 consecutive nucleotides of a sense 

1 5 sequence of SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO: 10, SEQ ID NO: 12, of an anti- 
sense sequence of SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:12, or of 
a naturally occurring allelic variant or mutant of SEQ ID NO:7, SEQ ID NO:9, SEQ ID 
NO:10, SEQIDNO:12. 

In yet another embodiment, a nucleic acid molecule of the present invention 

20 comprises a nucleotide sequence which is 250-500, 500-750, 750-1000, 1000-1200, 
1200-1400, 1400-1600, 1600-1800, 1800-2000, 2000-2174, 2175, 2176-2200, 2200- 
2400, 2400-2600, 2600 or more nucleotides in length and hybridizes under stringent 
hybridization conditions to a nucleic acid molecule comprising SEQ ID NO:7, or SEQ 
IDNO:9. 

25 In yet another exemplary embodiment, a nucleic acid molecule of the present 

invention comprises a nucleotide sequence which is 1-50, 50-150, 150-250, 250-350, 
350-438, 439, 440, 450-500, 500-550, 537, 550-600, 600-650, 650-700, 700-750, 750- 
800, 800-850, 850-900, 950-1000, 1100-1200, 1200-1500, 1500-2000, 2000-2500, 
2500-3000, 3000-3500 and 3500-3600 nucleotides in length and hybridizes under 

30 stringent hybridization conditions to a nucleic acid molecule of SEQ ID NO: 1 0, or is 1 - 
50, 50-150, 150-250, 250-350, 350-438, 439, 440, 450-500, 500-550, 537, 550-600, 
600-650, 650-700, 700-750, 750-800, 800-850, 850-900, 950-1000, 1100-1200, 1200- 
1500, 1500-2000, 2000-2500, 2500-3000, 3000-3500 and 3500-3600 nucleotides in 
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length and hybridizes under stringent hybridization conditions to a nucleic acid molecule 
ofSEQ ID NO: 12. 

Probes based on the LGR6 nucleotide sequences can be used to detect transcripts 
or genomic sequences encoding the same or homologous proteins. In preferred 
5 embodiments, the probe further comprises a label group attached thereto, e.g., the label 
group can be a radioisotope, a fluorescent compound, an enzyme, or an enzyme co- 
factor. Such probes can be used as a part of a diagnostic test kit for identifying cells or 
tissue which misexpress an LGR6 protein, such as by measuring a level of an LGR6- 
encoding nucleic acid in a sample of cells from a subject e.g., detecting LGR6 mRNA 

1 0 levels or determining whether a genomic LGR6 gene has been mutated or deleted. 

A nucleic acid fragment encoding a "biologically active portion of an LGR6 
protein" can be prepared by isolating a portion of the nucleotide sequence of SEQ ID 
NO:7, SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:12, which encodes a polypeptide 
having an LGR6 biological activity (the biological activities of the LGR6 proteins are 

1 5 described herein), expressing the encoded portion of the LGR6 protein (e.g. , by 

recombinant expression in vitro) and assessing the activity of the encoded portion of the 
LGR6 protein. 

For example, a nucleic acid fragment encoding a biologically active portion of 
LGR6 includes one or more of a leucine-rich repeat, e.g., amino acid residues 67 to 90, 

20 91 to 114, 115 to 138, 139 to 162, 163 to 186, 187 to 210, 211 to 234, 235 to 257, 258 to 
281, 282 to 305, 306 to 329, 330 to 352, 353 to 375, 376 to 398, 399 to 422, and 423 to 
446 of SEQ ID NO:2; an RGD cell attachment site, e.g., amino acid residues 760-762 of 
SEQ ID NO:2; a transmembrane domain, e.g., amino acid 566-588, 599-621, 655-674 of 
SEQ ID NO:2; an N-myristoylation sites from about amino acids 45-50, 99-104, 107- 

25 1 12, 380-385, 398-403, 483-488, 493-498, 513-518, 533-538, 563-568, 602-607, 612- 
617, 641-646, 652-657, 684-689, 698-703, 886-891, 922-927, 942-947, 949-954 and 
960-965 of SEQ ID NO:2; a protein kinase C phosphorylation site, for example, from 
amino acids 19-21, 115-117, 142-144, 163-165,420-422, 685-687 and 844-846 of SEQ 
ID NO:2; a casein kinase II phosphorylation site, for example, from amino acids 

30 328331, 707-710, 862-865 of SEQ ID NO:2; a tyrosine kinase phosphorylation site, for 
example, from amino acid 469-475, of SEQ ID NO:2; an N-glycosylation site; for 
example, from amino acids 77-80 and 208-21 1 of SEQ ID NO:2; and a 
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glycoaminoglycan attachment site, for example, from amino acid 638-641, of SEQ ID 
NO:2. 

B. LGR6 Nucleic Acid Variants 
5 The invention further encompasses nucleic acid molecules that differ from the 

nucleotide sequence shown SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO: 10, SEQ ID 
NO: 12, due to degeneracy of the genetic code and thus encode the same LGR6 proteins 
as those encoded by the nucleotide sequence shown in SEQ ID NO:7, SEQ ID NO:9, 
SEQ ID NO:10, SEQ ID NO:12. In another embodiment, an isolated nucleic acid 

1 0 molecule of the invention has a nucleotide sequence encoding a protein having an amino 
acid sequence shown in SEQ ID NO:8 or SEQ ID NO:l 1 . 

In addition to the LGR6 nucleotide sequences shown in SEQ ID NO: 7, SEQ ID 
NO:9, SEQ ID NO: 10, SEQ ID NO: 12, it will be appreciated by those skilled in the art 
that DNA sequence polymorphisms that lead to changes in the amino acid sequences of 

1 5 the LGR6 proteins may exist within a population (e.g. , the human population). Such 
genetic polymorphism in the LGR6 genes may exist among individuals within a 
population due to natural allelic variation. As used herein, the terms "gene" and 
"recombinant gene" refer to nucleic acid molecules which include an open reading frame 
encoding an LGR6 protein, preferably a mammalian LGR6 protein, and can further 

20 include non-coding regulatory sequences, and introns. 

Allelic variants of human LGR6 include both functional and non-functional 
LGR6 proteins. Functional allelic variants are naturally occurring amino acid sequence 
variants of the human LGR6 protein that maintain the ability to bind an LGR6 ligand 
and/or modulate any of the LGR6 activities described herein. Functional allelic variants 

25 will typically contain only conservative substitution of one or more amino acids of SEQ 
ID NO:8, or SEQ ID NO:l 1, or substitution, deletion or insertion of non-critical residues 
in non-critical regions of the protein. 

Non-functional allelic variants are naturally occurring amino acid sequence 
variants of the human LGR6 protein that do not have the ability to either bind an LGR6 

30 target, e.g., an enzyme and/or modulate any of the LGR6 activities described herein. 
Non-functional allelic variants will typically contain a non-conservative substitution, a 
deletion, or insertion or premature truncation of the amino acid sequence of SEQ ID 
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NO:8, or SEQ ID NO:l 1, or a substitution, insertion or deletion in critical residues or 
critical regions. 

The present invention further provides non-human orthologues of the human 
LGR6 protein. Orthologues of the human LGR6 protein are proteins that are isolated 
5 from non-human organisms and possess the same LGR6 target binding and/or 

modulation of signalling mechanisms of the human LGR6 protein. Orthologues of the 
human LGR6 protein can readily be identified as comprising an amino acid sequence 
that is substantially homologous to SEQ ID NO:8 or SEQ ID NO:l 1. 

Moreover, nucleic acid molecules encoding other LGR6 family members and, 

10 thus, which have a nucleotide sequence which differs from the LGR6 sequences of SEQ 
ID NO:7, SEQ ID NO:9, SEQ ID NO: 10, SEQ ID NO: 12, are intended to be within the 
scope of the invention. For example, another LGR6 cDNA can be identified based on 
the nucleotide sequence of human LGR6. Moreover, nucleic acid molecules encoding 
LGR6 proteins from different species, and thus which have a nucleotide sequence which 

15 differs from the LGR6 sequences of SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO:10, SEQ 
ID NO: 12, are intended to be within the scope of the invention. For example, a mouse 
LGR6 cDNA can be identified based on the nucleotide sequence of a human LGR6. 

Nucleic acid molecules corresponding to natural allelic variants and homologues 
of the LGR6 cDNAs of the invention can be isolated based on their homology to the 

20 LGR6 nucleic acids disclosed herein using the cDNAs disclosed herein, or a portion 
thereof, as a hybridization probe according to standard hybridization techniques under 
stringent hybridization conditions. 

Accordingly, in another embodiment, an isolated nucleic acid molecule of the 
invention is at least 15, 20, 25, 30 or more nucleotides in length and hybridizes under 

25 stringent conditions to the nucleic acid molecule comprising the nucleotide sequence of 
SEQ ID NO:10, SEQ ID NO:12. In other embodiment, the nucleic acid is at least 30, 
50, 100, 150, 200, 250, 300, 307, 350, 400, 450, 500, 550, 600, 650, 700, 750, 800, 850, 
900, 950, 1000, 1100, 1200, 1300, 1400, 1500, 1600, 1700, 1800, 1900, 2000, 2200, 
2400, 2600, 2800, 3000, 3200, 3400, 3500 or 3600 nucleotides in length. As used 

30 herein, the term "hybridizes under stringent conditions" is intended to describe 

conditions for hybridization and washing under which nucleotide sequences at least 60% 
homologous to each other typically remain hybridized to each other. Preferably, the 
conditions are such that sequences at least about 70%, more preferably at least about 
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80%, even more preferably at least about 85% or 90% homologous to each other 
typically remain hybridized to each other. Such stringent conditions are known to those 
skilled in the art and can be found in Current Protocols in Molecular Biology, John 
Wiley & Sons, N.Y. (1989), 6.3.1-6.3.6. A preferred, non-limiting example of stringent 
5 hybridization conditions are hybridization in 6X sodium chloride/sodium citrate (SSC) 
at about 45°C, followed by one or more washes in 0.2 X SSC, 0.1% SDS at 50°C, 
preferably at 55°C, and more preferably at 60°C or 65°C. Preferably, an isolated nucleic 
acid molecule of the invention that hybridizes under stringent conditions to the sequence 
of SEQ ID NO:7 or SEQ ID NO: 10, corresponds to a naturally-occurring nucleic acid 

10 molecule. As used herein, a "naturally-occurring" nucleic acid molecule refers to an 
RNA or DNA molecule having a nucleotide sequence that occurs in nature (e.g., 
encodes a natural protein). 

In addition to naturally-occurring allelic variants of the LGR6 sequences that 
may exist in the population, the skilled artisan will further appreciate that changes can 

1 5 be introduced by mutation into the nucleotide sequences of SEQ ID NO:7, SEQ ID 
NO:9, SEQ ID NO: 10, SEQ ID NO: 12, thereby leading to changes in the amino acid 
sequence of the encoded LGR6 proteins, without altering the functional ability of the 
LGR6 proteins. For example, nucleotide substitutions leading to amino acid 
substitutions at "non-essential" amino acid residues can be made in the sequence of SEQ 

20 ID NO:7, SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:12. A "non-essential" amino acid 
residue is a residue that can be altered from the wild-type sequence of LGR6 (e.g., the 
sequence of SEQ ID NO:8 or SEQ ID NO:l 1,) without altering the biological activity, 
whereas an "essential" amino acid residue is required for biological activity. For 
example, amino acid residues that are conserved among the LGR6 proteins of the 

25 present invention, are predicted to be particularly unamenable to alteration. 

Furthermore, additional amino acid residues that are conserved between the LGR6 
proteins of the present invention and other members of the LGR6 families are not likely 
to be amenable to alteration. 

Accordingly, another aspect of the invention pertains to nucleic acid molecules 

30 encoding LGR6 proteins that contain changes in amino acid residues that are not 

essential for activity. Such LGR6 proteins differ in amino acid sequence from SEQ ID 
NO:8, or SEQ ID NO:l 1, yet retain biological activity. In one embodiment, the isolated 
nucleic acid molecule comprises a nucleotide sequence encoding a protein, wherein the 
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protein comprises an amino acid sequence at least about 60%, 65%, 70%, 75%, 80%, 
85%, 90%, 95% or more homologous to SEQ ID NO:8 or SEQ ID NO: 1 1 . 

An isolated nucleic acid molecule encoding an LGR6 protein homologous to the 
protein of SEQ ID NO:8 or SEQ ID NO: 1 1 can be created by introducing one or more 
5 nucleotide substitutions, additions or deletions into the nucleotide sequence of SEQ ID 
NO:7, SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:12, such that one or more amino acid 
substitutions, additions or deletions are introduced into the encoded protein. Mutations 
can be introduced into SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO: 12, 
by standard techniques, such as site-directed mutagenesis and PCR-mediated 
10 mutagenesis. 

Preferably, conservative amino acid substitutions are made at one or more 
predicted non-essential amino acid residues. A "conservative amino acid substitution" is 
one in which the amino acid residue is replaced with an amino acid residue having a 
similar side chain. Families of amino acid residues having similar side chains have been 

1 5 defined in the art. These families include amino acids with basic side chains (e.g. , 
lysine, arginine, histidine), acidic side chains (e.g., aspartic acid, glutamic acid), 
uncharged polar side chains (e.g., glycine, asparagine, glutamine, serine, threonine, 
tyrosine, cysteine), nonpolar side chains (e.g., alanine, valine, leucine, isoleucine, 
proline, phenylalanine, methionine, tryptophan), beta-branched side chains (e.g., 

20 threonine, valine, isoleucine) and aromatic side chains (e.g., tyrosine, phenylalanine, 
tryptophan, histidine). Thus, a predicted nonessential amino acid residue in an LGR6 
protein is preferably replaced with another amino acid residue from the same side chain 
family. Alternatively, in another embodiment, mutations can be introduced randomly 
along all or part of an LGR6 coding sequence, such as by saturation mutagenesis, and 

25 the resultant mutants can be screened for LGR6 biological activity to identify mutants 
that retain activity. Following mutagenesis of SEQ ID NO:7, SEQ ID NO:9, SEQ ID 
NO:10, SEQ ID NO: 12, the encoded protein can be expressed recombinantly and the 
activity of the protein can be determined. 

In a preferred embodiment, a mutant LGR6 protein can be assayed for the ability 

30 to (1) interact with a non-LGR6 protein molecule, e.g., an extracellular signal, (e.g., a 
glycohormone) or a cell surface receptor, (e.g., an integrin); (2) mobilize an intracellular 
molecule that participates in a signal transduction pathway (e.g., adenylate cyclase or 
phosphatidylinositol 4,5-bisphosphate (PIP2), inositol 1,4,5-triphosphate (IP3)); (3) 
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modulate cell attachment; (4) modulate neural development and maintenance; (5) 
modulate thermogenesis in adipocytes, e.g., brown adipocytes, or muscle; (6) modulate 
endocrine function; and (7) modulate cardiovascular activities 

5 C. Antisense LGR6 Nucleic Acid Molecules 

In addition to the nucleic acid molecules encoding LGR6 proteins described 
above, another aspect of the invention pertains to isolated nucleic acid molecules which 
are antisense thereto. An "antisense" nucleic acid comprises a nucleotide sequence 
which is complementary to a "sense" nucleic acid encoding a protein, e.g., 

10 complementary to the coding strand of a double-stranded cDNA molecule or 

complementary to an mRNA sequence. Accordingly, an antisense nucleic acid can 
hydrogen bond to a sense nucleic acid. The antisense nucleic acid can be 
complementary to an entire LGR6 coding strand, or to only a portion thereof. In one 
embodiment, an antisense nucleic acid molecule is antisense to a "coding region" of the 

15 coding strand of a nucleotide sequence encoding LGR6. The term "coding region" 
refers to the region of the nucleotide sequence comprising codons which are translated 
into amino acid residues (e.g., the coding region of human LGR6 corresponds to SEQ 
ID NO:6, SEQ ID NO:9 or SEQ ID NO: 12). In another embodiment, the antisense 
nucleic acid molecule is antisense to a "noncoding region" of the coding strand of a 

20 nucleotide sequence encoding LGR6. The term "noncoding region" refers to 5' and 3' 
sequences which flank the coding region that are not translated into amino acids {i.e., 
also referred to as 5* and 3' untranslated regions). 

Given the coding strand sequences encoding LGR6 disclosed herein (e.g., SEQ 
ID NO:9 or SEQ ID NO: 12), antisense nucleic acids of the invention can be designed 

25 according to the rules of Watson and Crick base pairing. The antisense nucleic acid 
molecule can be complementary to the entire coding region of LGR6 mRNA, but more 
preferably is an oligonucleotide which is antisense to only a portion of the coding or 
noncoding region of LGR6 mRNA. An antisense oligonucleotide can be, for example, 
about 5, 10, 15, 20, 25, 30, 35, 40, 45 or 50 nucleotides in length. An antisense nucleic 

30 acid of the invention can be constructed using chemical synthesis and enzymatic ligation 
reactions using procedures known in the art. For example, an antisense nucleic acid 
(e.g., an antisense oligonucleotide) can be chemically synthesized using naturally 
occurring nucleotides or variously modified nucleotides designed to increase the 
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biological stability of the molecules or to increase the physical stability of the duplex 
formed between the antisense and sense nucleic acids, e.g., phosphorothioate derivatives 
and acridine substituted nucleotides can be used. Examples of modified nucleotides 
which can be used to generate the antisense nucleic acid include 5-fluorouracil, 5- 
5 bromouracil, 5-chlorouracil, 5-iodouracil, hypoxanthine, xantine, 4-acetylcytosine, 5- 
(carboxyhydroxylmethyl) uracil, 5-carboxymethylaminomethyl-2-thiouridine, 5- 
carboxymethylaminomethyluracil, dihydrouracil, beta-D-galactosylqueosine, inosine, 
N6-isopentenyladenine, 1-methylguanine, 1-methylinosine, 2,2-dimethylguanine, 2- 
methyladenine, 2-methylguanine, 3-methylcytosine, 5-methylcytosine, N6-adenine, 7- 

10 methylguanine, 5-methylaminomethyluracil, 5-methoxyaminomethyl-2-thiouracil, beta- 
D-mannosylqueosine, 5-methoxycarboxymethyluracil, 5 -methoxy uracil, 2-methylthio- 
N6-isopentenyladenine, uracil-5-oxyacetic acid (v), wybutoxosine, pseudouracil, 
queosine, 2-thiocytosine, 5-methyl-2-thiouracil, 2-thiouracil, 4-thiouracil, 5- 
methyluracil, uracil-5- oxyacetic acid methylester, uracil-5-oxyacetic acid (v), 5-methyl- 

15 2-thiouracil, 3-(3-amino-3-N-2-carboxypropyl) uracil, (acp3)w, and 2,6-diaminopurine. 
Alternatively, the antisense nucleic acid can be produced biologically using an 
expression vector into which a nucleic acid has been subcloned in an antisense 
orientation (/.&, KNA transcribed from the inserted nucleic acid will be of an antisense 
orientation to a target nucleic acid of interest, described further in the following 

20 subsection). 

The antisense nucleic acid molecules of the invention are typically administered 
to a subject or generated in situ such that they hybridize with or bind to cellular mRNA 
and/or genomic DNA encoding an LGR6 protein to thereby inhibit expression of the 
protein, e.g., by inhibiting transcription and/or translation. The hybridization can be by 

25 conventional nucleotide complementarity to form a stable duplex, or, for example, in the 
case of an antisense nucleic acid molecule which binds to DNA duplexes, through 
specific interactions in the major groove of the double helix. An example of a route of 
administration of antisense nucleic acid molecules of the invention include direct 
injection at a tissue site. Alternatively, antisense nucleic acid molecules can be modified 

30 to target selected cells and then administered systemically. For example, for systemic 
administration, antisense molecules can be modified such that they specifically bind to 
receptors or antigens expressed on a selected cell surface, e.g., by linking the antisense 
nucleic acid molecules to peptides or antibodies which bind to cell surface receptors or 
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antigens. The antisense nucleic acid molecules can also be delivered to cells using the 
vectors described herein. To achieve sufficient intracellular concentrations of the 
antisense molecules, vector constructs in which the antisense nucleic acid molecule is 
placed under the control of a strong pol II or pol III promoter are preferred. 
5 In yet another embodiment, the antisense nucleic acid molecule of the invention 

is an ct-anomeric nucleic acid molecule. An a-anomeric nucleic acid molecule forms 
specific double-stranded hybrids with complementary RNA in which, contrary to the 
usual P-units, the strands run parallel to each other (Gaultier et al (1 987) Nucleic Acids. 
Res. 15:6625-6641). The antisense nucleic acid molecule can also comprise a 2'-o- 
10 methylribonucleotide (Inoue etal (1987) Nucleic Acids Res. 15:6131-6148) or a 
chimeric RNA-DNA analogue (Inoue et al (1987) FEBS Lett. 215:327-330). 

D. LGR6-Specific Ribozymes 

In still another embodiment, an antisense nucleic acid of the invention is a 

1 5 ribozyme. Ribozymes are catalytic RNA molecules with ribonuclease activity which are 
capable of cleaving a single-stranded nucleic acid, such as an mRNA, to which they 
have a complementary region. Thus, ribozymes {e.g., hammerhead ribozymes 
(described in Haselhoff and Gerlach (1988) Nature 334:585-591)) can be used to 
catalytically cleave LGR6 mRNA transcripts to thereby inhibit translation of LGR6 

20 mRNA. A ribozyme having specificity for an LGR6-encoding nucleic acid can be 

designed based upon the nucleotide sequence of an LGR6 cDNA disclosed herein (i.e., 
SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO: 10, SEQ ID NO: 12. For example, a 
derivative of a Tetrahymena L-19 IVS RNA can be constructed in which the nucleotide 
sequence of the active site is complementary to the nucleotide sequence to be cleaved in 

25 an LGR6-encoding mRNA. See, e.g., Cech et al U.S. Patent No. 4,987,071 ; and Cech 
et al U.S. Patent No. 5,1 16,742. Alternatively, LGR6 mRNA can be used to select a 
catalytic RNA having a specific ribonuclease activity from a pool of RNA molecules. 
See, e.g., Bartel, D. and Szostak, J.W. (1993) Science 261:1411-1418. 

Alternatively, LGR6 gene expression can be inhibited by targeting nucleotide 

30 sequences complementary to the regulatory region of the LGR6 (e.g. , the LGR6 

promoter and/or enhancers) to form triple helical structures that prevent transcription of 
the LGR6 gene in target cells. See generally, Helene, C. (1991) Anticancer Drug Des. 
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6(6):569-84; Helene, C. et al (1 992) Ann. K Y. Acad ScL 660:27-36; and Maher, L. J. 
(1992) Bioassays 14(12):807-15. 



E. Modified LGR6 Nucleic Acid Molecules 
5 In yet another embodiment, the LGR6 nucleic acid molecules of the present 

invention can be modified at the base moiety, sugar moiety or phosphate backbone to 
improve, e.g., the stability, hybridization, or solubility of the molecule. For example, 
the deoxyribose phosphate backbone of the nucleic acid molecules can be modified to 
generate peptide nucleic acids (see Hyrup B. et al (1996) Bioorganic & Medicinal 

10 Chemistry 4 (1): 5-23). As used herein, the terms "peptide nucleic acids" or "PNAs" 
refer to nucleic acid mimics, e.g., DNA mimics, in which the deoxyribose phosphate 
backbone is replaced by a pseudopeptide backbone and only the four natural 
nucleobases are retained. The neutral backbone of PNAs has been shown to allow for 
specific hybridization to DNA and RNA under conditions of low ionic strength. The 

1 5 synthesis of PNA oligomers can be performed using standard solid phase peptide 
synthesis protocols as described in Hyrup B. et al (1996) supra; Perry-O'Keefe et al 
Proc. Natl Acad Sci. 93: 14670-675. 

PNAs of LGR6 nucleic acid molecules can be used in therapeutic and diagnostic 
applications. For example, PNAs can be used as antisense or antigene agents for 

20 sequence-specific modulation of gene expression by, for example, inducing transcription 
or translation arrest or inhibiting replication. PNAs of LGR6 nucleic acid molecules can 
also be used in the analysis of single base pair mutations in a gene, (e.g., by PNA- 
directed PCR clamping); as 'artificial restriction enzymes' when used in combination 
with other enzymes, {e.g., SI nucleases (Hyrup B. (1996) supra)); or as probes or 

25 primers for DNA sequencing or hybridization (Hyrup B. et al (1 996) supra; Perry- 
O'Keefe supra). 

In another embodiment, PNAs of LGR6 can be modified, (e.g., to enhance their 
stability or cellular uptake), by attaching lipophilic or other helper groups to PNA, by 
the formation of PNA-DNA chimeras, or by the use of liposomes or other techniques of 
30 drug delivery known in the art. For example, PNA-DNA chimeras of LGR6 nucleic 
acid molecules can be generated which may combine the advantageous properties of 
PNA and DNA. Such chimeras allow DNA recognition enzymes, (e.g., RNAse H and 
DNA polymerases), to interact with the DNA portion while the PNA portion would 
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provide high binding affinity and specificity. PNA-DNA chimeras can be linked using 
linkers of appropriate lengths selected in terms of base stacking, number of bonds 
between the nucleobases, and orientation (Hyrup B. (1996) supra). The synthesis of 
PNA-DNA chimeras can be performed as described in Hyrup B. (1996) supra and Finn 
5 P.J. et al (1 996) Nucleic Acids Res. 24 (1 7): 3357-63 . For example, a DNA chain can 
be synthesized on a solid support using standard phosphoramidite coupling chemistry 
and modified nucleoside analogs, e.g., 5 , -(4-methoxytrityl)amino-5 t -deoxy-thymidine 
phosphoramidite, can be used as a between the PNA and the 5* end of DNA (Mag, M. et 
al (1989) Nucleic Acid Res. 17: 5973-88). PNA monomers are then coupled in a 

10 stepwise manner to produce a chimeric molecule with a 5' PNA segment and a 3' DNA 
segment (Finn P. J. etal (1996) supra). Alternatively, chimeric molecules can be 
synthesized with a 5' DNA segment and a 3 1 PNA segment (Peterser, K.H. et al (1975) 
Bioorganic Med. Chem. Lett. 5; 1119-11124). 

In other embodiments, the oligonucleotide may include other appended groups 

1 5 such as peptides (e.g. , for targeting host cell receptors in vivo), or agents facilitating 
transport across the cell membrane (see, e.g., Letsinger et al (1989) Proc. Natl. Acad. 
Sci. US. 86:6553-6556; Lemaitre et al (1987) Proc. Natl. Acad. Sci. USA 84:648-652; 
PCT Publication No. WO88/0981O) or the blood-brain barrier (see, e.g., PCT Publication 
No. W089/10134). In addition, oligonucleotides can be modified with hybridization- 

20 triggered cleavage agents (See, e.g., Krol et al. (1988) Bio-Techniques 6:958-976) or 
intercalating agents. (See, e.g., Zon (1988) Pharm. Res. 5:539-549). To this end, the 
oligonucleotide may be conjugated to another molecule, (e.g., a peptide, hybridization 
triggered cross-linking agent, transport agent, or hybridization-triggered cleavage agent). 
Alternatively, the expression characteristics of an endogenous LGR6 gene within 

25 a cell line or microorganism may be modified by inserting a heterologous DNA 

regulatory element into the genome of a stable cell line or cloned microorganism such 
that the inserted regulatory element is operatively linked with the endogenous LGR6 
gene. For example, an endogenous LGR6 gene which is normally "transcriptionally 
silent", i.e., a LGR6 gene which is normally not expressed, or is expressed only at very 

30 low levels in a cell line or microorganism, may be activated by inserting a regulatory 
element which is capable of promoting the expression of a normally expressed gene 
product in that cell line or microorganism. Alternatively, a transcriptionally silent, 
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endogenous LGR6 gene may be activated by insertion of a promiscuous regulatory 
element that works across cell types. 

A heterologous regulatory element may be inserted into a stable cell line or 
cloned microorganism, such that it is operatively linked with an endogenous LGR6 
5 gene, using techniques, such as targeted homologous recombination, which are well 
known to those of skill in the art, and described, e.g., in Chappel, U.S. Patent No. 
5,272,071; PCT publication No. WO91/06667, published May 16, 1991. 

II. Isolated LGR6 Proteins 

10 One aspect of the invention pertains to isolated LGR6 proteins, and biologically 

active portions thereof, as well as polypeptide fragments suitable for use as immunogens 
to raise anti-LGR6 antibodies. In one embodiment, native LGR6 proteins can be 
isolated from cells or tissue sources by an appropriate purification scheme using 
standard protein purification techniques. In another embodiment, LGR6 proteins are 

15 produced by recombinant DNA techniques. Alternative to recombinant expression, an 
LGR6 protein or polypeptide can be synthesized chemically using standard peptide 
synthesis techniques. 

An "isolated" or "purified" protein or biologically active portion thereof is 
substantially free of cellular material or other contaminating proteins from the cell or 

20 tissue source from which the LGR6 protein is derived, or substantially free from 
chemical precursors or other chemicals when chemically synthesized. The language 
"substantially free of cellular material" includes preparations of LGR6 protein in which 
the protein is separated from cellular components of the cells from which it is isolated or 
recombinantly produced. In one embodiment, the language "substantially free of 

25 cellular material" includes preparations of LGR6 protein having less than about 30% (by 
dry weight) of non-LGR6 protein (also referred to herein as a "contaminating protein"), 
more preferably less than about 20% of non-LGR6 protein, still more preferably less 
than about 1 0% of non-LGR6 protein, and most preferably less than about 5% non- 
LGR6 protein. When the LGR6 protein or biologically active portion thereof is 

30 recombinantly produced, it is also preferably substantially free of culture medium, ie. 9 
culture medium represents less than about 20%, more preferably less than about 10%, 
and most preferably less than about 5% of the volume of the protein preparation. 
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The language "substantially free of chemical precursors or other chemicals" 
includes preparations of LGR6 protein in which the protein is separated from chemical 
precursors or other chemicals which are involved in the synthesis of the protein. In one 
embodiment, the language "substantially free of chemical precursors or other chemicals" 
5 includes preparations of LGR6 protein having less than about 30% (by dry weight) of 
chemical precursors or non-LGR6 chemicals, more preferably less than about 20% 
chemical precursors or non-LGR6 chemicals, still more preferably less than about 10% 
chemical precursors or non-LGR6 chemicals, and most preferably less than about 5% 
chemical precursors or non-LGR6 chemicals. 

10 As used herein, a "biologically active portion" of an LGR6 protein includes a 

fragment of an LGR6 protein which participates in an interaction between an LGR6 
molecule and a non-LGR6 molecule. Biologically active portions of an LGR6 protein 
include peptides comprising amino acid sequences sufficiently homologous to or 
derived from the amino acid sequence of the LGR6 protein, e.g., the amino acid 

1 5 sequence shown in SEQ ID NO:8, or SEQ ID NO: 1 1 , which include less amino acids 
than the full length LGR6 proteins, and exhibit at least one activity of an LGR6 protein. 
Typically, biologically active portions comprise a domain or motif with at least one 
activity of the LGR6 protein, e.g., regulating reduction of a disulfide bond. A 
biologically active portion of an LGR6 protein can be a polypeptide which is, for 

20 example, 10, 25, 50, 100, 200 or 250 amino acids in length. Biologically active portions 
of an LGR6 protein can be used as targets for developing agents which modulate an 
LGR6 protein mediated activity. 

In one embodiment, a biologically active portion of an LGR6 protein comprises 
at least one transmembrane domain. In another embodiment, a biologically active 

25 portion of an LGR6 comprises at least one extracellular domain. In yet another 

embodiment, a biologically active portion of an LGR6 protein comprises at least one 
leucine-rich repeat. In yet another embodiment a biologically active portion of an LGR6 
protein comprises at least one extracellular domain, at least one transmembrane domain 
and at least one leucine-rich repeat. 

30 It is to be understood that a preferred biologically active portion of an LGR6 

protein of the present invention may contain at least one of the above-identified 
structural domains. A more preferred biologically active portion of an LGR6 protein 
may contain at least two of the above-identified structural domains. Moreover, other 
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biologically active portions, in which other regions of the protein are deleted, can J>e 
prepared by recombinant techniques and evaluated for one or more of the functional 
activities of a native LGR6 protein. 

In a preferred embodiment, the LGR6 protein has an amino acid sequence shown 
5 in SEQ ID NO:8 or SEQ ID NO: 1 1 . In other embodiments, the LGR6 protein is 

substantially homologous to SEQ ID NO:8 or SEQ ID NO:l 1, and retains the functional 
activity of the protein of SEQ ID NO:8 or SEQ ID NO:l 1., yet differs in amino acid 
sequence due to natural allelic variation or mutagenesis, as described in detail in 
subsection I above. Accordingly, in another embodiment, the LGR6 protein is a protein 

10 which comprises an amino acid sequence at least about 60%, 65%, 70%, 75%, 80%, 
85%, 90%, 95% or more homologous to SEQ ID NO:8 or SEQ ID NO: 1 1 . 

To determine the percent identity of two amino acid sequences or of two nucleic 
acid sequences, the sequences are aligned for optimal comparison purposes (e.g., gaps 
can be introduced in one or both of a first and a second amino acid or nucleic acid 

15 sequence for optimal alignment and non-homologous sequences can be disregarded for 
comparison purposes). In a preferred embodiment, the length of a reference sequence 
aligned for comparison purposes is at least 30%, preferably at least 40%, more 
preferably at least 50%, even more preferably at least 60%, and even more preferably at 
least 70%, 80%, or 90% of the length of the reference sequence (e.g. , when aligning a 

20 second sequence to the LGR6 amino acid sequence of SEQ ID NO:2, having 967 amino 
acid residues, at least 290, preferably at least 387, more preferably at least 484, even 
more preferably at least 580, and even more preferably at least 680, 774 or 870 amino 
acid residues are aligned; or, when aligning a second sequence to the LGR6 amino acid 
sequence of SEQ ID NO:5, having 633 amino acid residues, at least 190, preferably at 

25 least 253, more preferably at least 3 1 7, even more preferably at least 3 80, and even more 
preferably at least 443, 506 or 570 can be aligned). The amino acid residues or 
nucleotides at corresponding amino acid positions or nucleotide positions are then 
compared. When a position in the first sequence is occupied by the same amino acid 
residue or nucleotide as the corresponding position in the second sequence, then the 

30 molecules are identical at that position (as used herein amino acid or nucleic acid 

"identity" is equivalent to amino acid or nucleic acid "homology"). The percent identity 
between the two sequences is a function of the number of identical positions shared by 
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the sequences, taking into account the number of gaps, and the length of each gap, 
which need to be introduced for optimal alignment of the two sequences. 

The comparison of sequences and determination of percent identity between two 
sequences can be accomplished using a mathematical algorithm. In a preferred 
5 embodiment, the percent identity between two amino acid sequences is determined 
using the Needleman and Wunsch (J. Mol Biol. (48):444-453 (1970)) algorithm which 
has been incorporated into the GAP program in the GCG software package (available at 
http://www.gcg.com), using either a Blosum 62 matrix or a PAM250 matrix, and a gap 
weight of 16, 14, 12, 10, 8, 6, or 4 and a length weight of 1, 2, 3, 4, 5, or 6. In yet 

10 another preferred embodiment, the percent identity between two nucleotide sequences is 
determined using the GAP program in the GCG software package (available at 
http://www.gcg.com), using a NWSgapdna.CMP matrix and a gap weight of 40, 50, 60, 
70, or 80 and a length weight of 1, 2, 3, 4, 5, or 6. In another embodiment, the percent 
identity between two amino acid or nucleotide sequences is determined using the 

15 algorithm of E. Meyers and W. Miller (Comput. Appl BioscL, 4:11-17 (1988)) which 
has been incorporated into the ALIGN program (version 2.0), using a PAM120 weight 
residue table, a gap length penalty of 12 and a gap penalty of 4. 

The nucleic acid and protein sequences of the present invention can further be 
used as a "query sequence" to perform a search against public databases to, for example, 

20 identify other family members or related sequences. Such searches can be performed 
using the NBLAST and XBLAST programs (version 2.0) of Altschul, et al (1990) J. 
Mol Biol 215:403-10. BLAST nucleotide searches can be performed with the 
NBLAST program, score = 100, wordlength = 12 to obtain nucleotide sequences 
homologous to LGR6 nucleic acid molecules of the invention. BLAST protein searches 

25 can be performed with the XBLAST program, score = 50, wordlength = 3 to obtain 
amino acid sequences homologous to LGR6 protein molecules of the invention. To 
obtain gapped alignments for comparison purposes, Gapped BLAST can be utilized as 
described in Altschul et al, (1997) Nucleic Acids Res. 25(17):3389-3402. When 
utilizing BLAST and Gapped BLAST programs, the default parameters of the respective 

30 programs (e.g. , XBLAST and NBLAST) can be used. See http://www.ncbi.nlm.nih.gov. 

A. LGR6 Chimeric or Fusion Proteins 
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The invention also provides LGR6 chimeric or fusion proteins. As used herein, 
an LGR6 "chimeric protein" or "fusion protein" comprises an LGR6 polypeptide 
operatively linked to a non-LGR6 polypeptide. An "LGR6 polypeptide" refers to a 
polypeptide having an amino acid sequence corresponding to LGR6, whereas a "non- 
5 LGR6 polypeptide" refers to a polypeptide having an amino acid sequence 

corresponding to a protein which is not substantially homologous to the LGR6 protein, 
e.g. , a protein which is different from the LGR6 protein and which is derived from the 
same or a different organism. Within an LGR6 fusion protein the LGR6 polypeptide 
can correspond to all or a portion of an LGR6 protein. In a preferred embodiment, an 

10 LGR6 fusion protein comprises at least one biologically active portion of an LGR6 
protein. In another preferred embodiment, an LGR6 fusion protein comprises at least 
two biologically active portions of an LGR6 protein. Within the fusion protein, the term 
"operatively linked" is intended to indicate that the LGR6 polypeptide and the non- 
LGR6 polypeptide are fused in-frame to each other. The non-LGR6 polypeptide can be 

1 5 fused to the N-terminus or C-terminus of the LGR6 polypeptide. 

For example, in one embodiment, the fusion protein is a GST-LGR6 fusion 
protein in which the LGR6 sequences are fused to the C-terminus of the GST sequences. 
Such fusion proteins can facilitate the purification of recombinant LGR6. In another 
embodiment, the fusion protein is an LGR6 protein containing a heterologous signal 

20 sequence at its N-terminus. In certain host cells (e.g., mammalian host cells), expression 
and/or secretion of LGR6 can be increased through use of a heterologous signal 
sequence. In yet another embodiment, the fusion protein is a green fluorescent protein 
(GFP)-LGR6 fusion protein in which the LGR6 sequences are fused to GFP sequences. 
Such fusion proteins can facilitate the visualization of recombinant LGR6, for example, 

25 in cells expressing a GFP-LGR6 fusion protein. 

The LGR6 fusion proteins of the invention can be incorporated into 
pharmaceutical compositions and administered to a subject in vivo. The LGR6 fusion 
proteins can be used to affect the bioavailability of an LGR6 substrate. Use of LGR6 
fusion proteins may be useful therapeutically for the treatment of a disorders, e.g., 

30 weight disorders such as obesity, anorexia, cachexia; or a a cardiovascular disorder such 
as atherosclerosis, ischaemia reperfusion injury, cardiac hypertrophy, hypertension, 
coronary artery disease, myocardial infarction, arrythmia, cardiomyopathies, and 
congestive heart failure. 
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Moreover, the LGR6-fusion proteins of the invention can be used as 
immunogens to produce anti-LGR6 antibodies in a subject, to purify LGR6 ligands and 
in screening assays to identify molecules which inhibit the interaction of LGR6 with an 
LGR6 substrate. 

5 Preferably, an LGR6 chimeric or fusion protein of the invention is produced by 

standard recombinant DNA techniques. For example, DNA fragments coding for the 
different polypeptide sequences are ligated together in-frame in accordance with 
conventional techniques, for example by employing blunt-ended or stagger-ended 
termini for ligation, restriction enzyme digestion to provide for appropriate termini, 

1 0 filling-in of cohesive ends as appropriate, alkaline phosphatase treatment to avoid 
undesirable joining, and enzymatic ligation. In another embodiment, the fusion gene 
can be synthesized by conventional techniques including automated DNA synthesizers. 
Alternatively, PCR amplification of gene fragments can be carried out using anchor 
primers which give rise to complementary overhangs between two consecutive gene 

1 5 fragments which can subsequently be annealed and reamplified to generate a chimeric 
gene sequence (see, for example, Current Protocols in Molecular Biology, eds. Ausubel 
et al John Wiley & Sons: 1992). Moreover, many expression vectors are commercially 
available that already encode a fusion moiety (e.g., a GST polypeptide). An LGR6- 
encoding nucleic acid can be cloned into such an expression vector such that the fusion 

20 moiety is linked in-frame to the LGR6 protein. 

B. Variants of LGR6 Proteins 

The present invention also pertains to variants of the LGR6 proteins which 
function as either LGR6 agonists (mimetics) or as LGR6 antagonists. Variants of the 

25 LGR6 proteins can be generated by mutagenesis, e.g., discrete point mutation or 

truncation of an LGR6 protein. An agonist of the LGR6 proteins can retain substantially 
the same, or a subset, of the biological activities of the naturally occurring form of an 
LGR6 protein. An antagonist of an LGR6 protein can inhibit one or more of the 
activities of the naturally occurring form of the LGR6 protein by, for example, 

30 competitively modulating a biological activity of an LGR6 protein. Thus, specific 

biological effects can be elicited by treatment with a variant of limited function. In one 
embodiment, treatment of a subject with a variant having a subset of the biological 
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activities of the naturally occurring form of the protein has fewer side effects in a subject 
relative to treatment with the naturally occurring form of the LGR6 protein. 

In one embodiment, variants of an LGR6 protein which function as either LGR6 
agonists (mimetics) or as LGR6 antagonists can be identified by screening combinatorial 
5 libraries of mutants, e.g., truncation mutants, of an LGR6 protein for LGR6 protein 
agonist or antagonist activity. In one embodiment, a variegated library of LGR6 
variants is generated by combinatorial mutagenesis at the nucleic acid level and is 
encoded by a variegated gene library. A variegated library of LGR6 variants can be 
produced by, for example, enzymatically ligating a mixture of synthetic oligonucleotides 

10 into gene sequences such that a degenerate set of potential LGR6 sequences is 

expressible as individual polypeptides, or alternatively, as a set of larger fusion proteins 
(e.g., for phage display) containing the set of LGR6 sequences therein. There are a 
variety of methods which can be used to produce libraries of potential LGR6 variants 
from a degenerate oligonucleotide sequence. Chemical synthesis of a degenerate gene 

1 5 sequence can be performed in an automatic DNA synthesizer, and the synthetic gene 
then ligated into an appropriate expression vector. Use of a degenerate set of genes 
allows for the provision, in one mixture, of all of the sequences encoding the desired set 
of potential LGR6 sequences. Methods for synthesizing degenerate oligonucleotides are 
known in the art (see, e.g., Narang, S.A. (1983) Tetrahedron 39:3; Itakura et al. (1984) 

20 Annu. Rev. Biochem. 53:323; Itakura a/. (1984) Science 198:1056; Ike et al (1983) 
Nucleic Acid Res. 11:477. 

In addition, libraries of fragments of an LGR6 protein coding sequence can be 
used to generate a variegated population of LGR6 fragments for screening and 
subsequent selection of variants of an LGR6 protein. In one embodiment, a library of 

25 coding sequence fragments can be generated by treating a double stranded PCR 
fragment of an LGR6 coding sequence with a nuclease under conditions wherein 
nicking occurs only about once per molecule, denaturing the double stranded DNA, 
renaturing the DNA to form double stranded DNA which can include sense/antisense 
pairs from different nicked products, removing single stranded portions from reformed 

30 duplexes by treatment with SI nuclease, and ligating the resulting fragment library into 
an expression vector. By this method, an expression library can be derived which 
encodes N-terminal, C-terminal and internal fragments of various sizes of the LGR6 
protein. 
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Several techniques are known in the art for screening gene products of 
combinatorial libraries made by point mutations or truncation, and for screening cDNA 
libraries for gene products having a selected property. Such techniques are adaptable for 
rapid screening of the gene libraries generated by the combinatorial mutagenesis of 
5 LGR6 proteins. The most widely used techniques, which are amenable to high through- 
put analysis, for screening large gene libraries typically include cloning the gene library 
into replicable expression vectors, transforming appropriate cells with the resulting 
library of vectors, and expressing the combinatorial genes under conditions in which 
detection of a desired activity facilitates isolation of the vector encoding the gene whose 

10 product was detected. Recrusive ensemble mutagenesis (REM), a new technique which 
enhances the frequency of functional mutants in the libraries, can be used in 
combination with the screening assays to identify LGR6 variants (Arkin and Yourvan 
(1992) Proc. Natl Acad. Set USA 59:781 1-7815; Delgrave et al (1993) Protein 
Engineering 6(3):327-33 1). 

15 In one embodiment, cell based assays can be exploited to analyze a variegated 

LGR6 library. For example, a library of expression vectors can be transfected into a cell 
line which ordinarily synthesizes LGR6. The transfected cells are then cultured such 
that LGR6 and a particular mutant LGR6 are expressed and the effect of expression of 
the mutant on LGR6 activity in the cells can be detected, e.g., by any of a number of 

20 enzymatic assays or by detecting the enzymatic activity. Plasmid DNA can then be 
recovered from the cells which score for inhibition, or alternatively, potentiation of 
LGR6 activity, and the individual clones further characterized. 

III. Anti-LGR6 Antibodies 

25 An isolated LGR6 protein, or a portion or fragment thereof, can be used as an 

immunogen to generate antibodies that bind LGR6 using standard techniques for 
polyclonal and monoclonal antibody preparation. A full-length LGR6 protein can be 
used or, alternatively, the invention provides antigenic peptide fragments of LGR6 for 
use as immunogens. The antigenic peptide of LGR6 comprises at least 8 amino acid 

30 residues of the amino acid sequence shown in SEQ ID NO:2, SEQ ID NO:5 SEQ ID 
NO:8 or SEQ ID NO:l 1 .and encompasses an epitope of LGR6 such that an antibody 
raised against the peptide forms a specific immune complex with LGR6. Preferably, the 
antigenic peptide comprises at least 10 amino acid residues, more preferably at least 15 
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amino acid residues, even more preferably at least 20 amino acid residues, and most 
preferably at least 30 amino acid residues. 

Preferred epitopes encompassed by the antigenic peptide are regions of LGR6 
that are located on the surface of the protein, e.g., hydrophiiic regions, as well as regions 
5 with high antigenicity (see, for example, Figure 9). For example, an Emini surface 
probability analysis of the human LGR6 protein sequence can be used to indicate the 
regions that have a particularly high probability of being localized to the surface of the 
LGR6 protein and are thus likely to constitute surface residues useful for targeting 
antibody production. 

10 A LGR6 immunogen typically is used to prepare antibodies by immunizing a 

suitable subject, (e.g., rabbit, goat, mouse or other mammal) with the immunogen. An 
appropriate immunogenic preparation can contain, for example, recombinantly 
expressed LGR6 protein or a chemically synthesized LGR6 polypeptide. The 
preparation can further include an adjuvant, such as Freund's complete or incomplete 

15 adjuvant, or similar immunostimulatory agent. Immunization of a suitable subject with 
an immunogenic LGR6 preparation induces a polyclonal anti-LGR6 antibody response. 

Accordingly, another aspect of the invention pertains to anti-LGR6 antibodies. 
The term "antibody" as used herein refers to immunoglobulin molecules and 
immunologically active portions of immunoglobulin molecules, i.e., molecules that 

20 contain an antigen binding site which specifically binds (immunoreacts with) an antigen, 
such as LGR6. Examples of immunologically active portions of immunoglobulin 
molecules include F(ab) and F(ab f )2 fragments which can be generated by treating the 
antibody with an enzyme such as pepsin. The invention provides polyclonal and 
monoclonal antibodies that bind LGR6. The term "monoclonal antibody" or 

25 "monoclonal antibody composition", as used herein, refers to a population of antibody 
molecules that contain only one species of an antigen binding site capable of 
immunoreacting with a particular epitope of LGR6. A monoclonal antibody 
composition thus typically displays a single binding affinity for a particular LGR6 
protein with which it immunoreacts. 

30 Polyclonal anti-LGR6 antibodies can be prepared as described above by 

immunizing a suitable subject with an LGR6 immunogen. The anti-LGR6 antibody titer 
in the immunized subject can be monitored over time by standard techniques, such as 
with an enzyme linked immunosorbent assay (ELISA) using immobilized LGR6. If 
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desired, the antibody molecules directed against LGR6 can be isolated from the mammal 
{e.g., from the blood) and further purified by well known techniques, such as protein A 
chromatography to obtain the IgG fraction. At an appropriate time after immunization, 
e.g., when the anti-LGR6 antibody titers are highest, antibody-producing cells can be 
5 obtained from the subject and used to prepare monoclonal antibodies by standard 
techniques, such as the hybridoma technique originally described by Kohler and 
Milstein (1975) Nature 256:495-497) (see also, Brown et al (1981) J. Immunol 
127:539-46; Brown et al (1980) X Biol Chem .255:4980-83; Yeh et al (1976) Proc. 
Natl. Acad Set USA 76:2927-3 1 ; and Yeh et al (1 982) Int. J. Cancer 29:269-75), the 

1 0 more recent human B cell hybridoma technique (Kozbor et al (1 983) Immunol Today 
4:72), the EBV-hybridoma technique (Cole et al (1985), Monoclonal Antibodies and 
Cancer Therapy, Alan R. Liss, Inc., pp. 77-96) or trioma techniques. The technology 
for producing monoclonal antibody hybridomas is well known (see generally R. H. 
Kenneth, in Monoclonal Antibodies: A New Dimension In Biological Analyses, Plenum 

15 Publishing Corp., New York, New York (1980); E. A. Lerner (1981) Yale J. Biol Med t 
54:387-402; M. L. Gefter et al (1977) Somatic Cell Genet 3:231-36). Briefly, an 
immortal cell line (typically a myeloma) is fused to lymphocytes (typically splenocytes) 
from a mammal immunized with an LGR6 immunogen as described above, and the 
culture supernatants of the resulting hybridoma cells are screened to identify a 

20 hybridoma producing a monoclonal antibody that binds LGR6. 

Any of the many well known protocols used for fusing lymphocytes and 
immortalized cell lines can be applied for the purpose of generating an anti-LGR6 
monoclonal antibody (see, e.g., G. Galfre et al. (1977) Nature 266:55052; Gefter et al 
Somatic Cell Genet, cited supra', Lerner, Yale J. Biol Med, cited supra, Kenneth, 

25 Monoclonal Antibodies, cited supra). Moreover, the ordinarily skilled worker will 
appreciate that there are many variations of such methods which also would be useful. 
Typically, the immortal cell line (e.g., a myeloma cell line) is derived from the same 
mammalian species as the lymphocytes. For example, murine hybridomas can be made 
by fusing lymphocytes from a mouse immunized with an immunogenic preparation of 

30 the present invention with an immortalized mouse cell line. Preferred immortal cell 
lines are mouse myeloma cell lines that are sensitive to culture medium containing 
hypoxanthine, aminopterin and thymidine ("HAT medium"). Any of a number of 
myeloma cell lines can be used as a fusion partner according to standard techniques, 
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e.g, the P3-NSl/l-Ag4-l, P3-x63-Ag8.653 or Sp2/0-Agl4 myeloma lines. These 
myeloma lines are available from ATCC. Typically, HAT-sensitive mouse myeloma 
cells are fused to mouse splenocytes using polyethylene glycol ("PEG"). Hybridoma 
cells resulting from the fusion are then selected using HAT medium, which kills unfused 
5 and unproductively fused myeloma cells (unfused splenocytes die after several days 
because they are not transformed). Hybridoma cells producing a monoclonal antibody 
of the invention are detected by screening the hybridoma culture supernatants for 
antibodies that bind LGR6, e.g., using a standard ELISA assay. 

Alternative to preparing monoclonal antibody-secreting hybridomas, a 

10 monoclonal anti-LGR6 antibody can be identified and isolated by screening a 

recombinant combinatorial immunoglobulin library (e.g. , an antibody phage display 
library) with LGR6 to thereby isolate immunoglobulin library members that bind LGR6. 
Kits for generating and screening phage display libraries are commercially available 
(e.g., the Pharmacia Recombinant Phage Antibody System, Catalog No. 27-9400-01 ; and 

15 the Stratagene SurjZAP™ Phage Display Kit, Catalog No. 240612). Additionally, 
examples of methods and reagents particularly amenable for use in generating and 
screening antibody display library can be found in, for example, Ladner et al U.S. 
PatentNo. 5,223,409; Kang etal PCT International Publication No. WO 92/18619; 
Dower et al. PCT International Publication No. W091/17271; Winter et al PCT 

20 International Publication WO 92/20791 ; Markland et al PCT International Publication 
No. WO 92/15679; Breitling et al PCT International Publication WO 93/01288; 
McCafferty et al PCT International Publication No. WO 92/01047; Garrard et al PCT 
International Publication No. WO 92/09690; Ladner et al PCT International Publication 
No. WO 90/02809; Fuchs etal (1991) Bio/Technology 9:1370-1372; Hay et al (1992) 

25 Hum.Antibod Hybridomas 3:81-85; Huse etal (1989) Science 246:1275-1281; 

Griffiths et al (1993) EMBO J 12:725-734; Hawkins et al (1992) J. Mol Biol 226:889- 
896; Clarkson et al. (1991) Nature 352:624-628; Gram et al (1992) Proc. Natl Acad 
Set USA 89:3576-3580; Garradef a/. (1991) Bio/Technology 9:1373-1377; 
Hoogenboomefa/. (1991) Nuc. Acid Res. 19:4133-4137; Barbas et al (\99\)Proc. 

30 Natl Acad Sci. USA 88:7978-7982; and McCafferty et al Nature (1990) 348:552-554. 
Additionally, recombinant anti-LGR6 antibodies, such as chimeric and 
humanized monoclonal antibodies, comprising both human and non-human portions, 
which can be made using standard recombinant DNA techniques, are within the scope of 
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the invention. Such chimeric and humanized monoclonal antibodies can be produced by 
recombinant DNA techniques known in the art, for example using methods described in 
Robinson et al. International Application No. PCT/US86/02269; Akira, et al European 
Patent Application 184,187; Taniguchi, M., European Patent Application 171,496; 
5 Morrison et al. European Patent Application 173,494; Neuberger et al. PCT 

International Publication No. WO 86/01533; Cabilly et al U.S. Patent No. 4,816,567; 
Cabilly et al European Patent Application 125,023; Better et al (1988) Science 
240:1041-1043; Liu et al (1987) Proc. Natl Acad Sci. USA 84:3439-3443; Liu et al 

(1987) 7. Immunol 139:3521-3526; Sun et al (1987) Proc. Natl Acad Sci. USA 
10 84:214-218; Nishimura et al (1987) Cane. Res. 47:999-1005; Wood et al (1985) 

Nature 314:446-449; and Shaw et al (1988)7. Natl Cancer Inst. 80:1553-1559); 
Morrison, S. L. (1985) Science 229:1202-1207; Oi et al (1986) BioTechniques 4:214; 
Winter U.S. Patent 5,225,539; Jones et al. (1986) Nature 321 :552-525; Verhoeyan et al 

(1988) SW^re 239:1534; and Beidler <?f (1988)7 Immunol 141:4053-4060. 

15 An anti-LGR6 antibody (e.g., monoclonal antibody) can be used to isolate LGR6 

by standard techniques, such as affinity chromatography or immunoprecipitation. An 
anti-LGR6 antibody can facilitate the purification of natural LGR6 from cells and of 
recombinantly produced LGR6 expressed in host cells. Moreover, an anti-LGR6 
antibody can be used to detect LGR6 protein (e.g., in a cellular lysate or cell 

20 supernatant) in order to evaluate the abundance and pattern of expression of the LGR6 
protein. Anti-LGR6 antibodies can be used diagnostically to monitor protein levels in 
tissue as part of a clinical testing procedure, e.g., to, for example, determine the efficacy 
of a given treatment regimen. Detection can be facilitated by coupling (i.e., physically 
linking) the antibody to a detectable substance. Examples of detectable substances 

25 include various enzymes, prosthetic groups, fluorescent materials, luminescent 

materials, bioluminescent materials, and radioactive materials. Examples of suitable 
enzymes include horseradish peroxidase, alkaline phosphatase, -galactosidase, or 
acetylcholinesterase; examples of suitable prosthetic group complexes include 
streptavidin/biotin and avidin/biotin; examples of suitable fluorescent materials include 

30 umbelliferone, fluorescein, fluorescein isothiocyanate, rhodamine, 

dichlorotriazinylamine fluorescein, dansyl chloride or phycoerythrin; an example of a 
luminescent material includes luminol; examples of bioluminescent materials include 
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luciferase, luciferin, and aequorin, and examples of suitable radioactive material include 
12 V 31 I, 35 Sor 3 H. 

IV. Recombinant Expression Vectors and Host Cells 
5 Another aspect of the invention pertains to vectors, preferably expression 

vectors, containing a nucleic acid encoding an LGR6 protein (or a portion thereof). As 
used herein, the term "vector" refers to a nucleic acid molecule capable of transporting 
another nucleic acid to which it has been linked. One type of vector is a "plasmid", 
which refers to a circular double stranded DNA loop into which additional DNA 

10 segments can be ligated. Another type of vector is a viral vector, wherein additional 
DNA segments can be ligated into the viral genome. Certain vectors are capable of 
autonomous replication in a host cell into which they are introduced (e.g., bacterial 
vectors having a bacterial origin of replication and episomal mammalian vectors). Other 
vectors (e.g., non-episomal mammalian vectors) are integrated into the genome of a host 

15 cell upon introduction into the host cell, and thereby are replicated along with the host 
genome. Moreover, certain vectors are capable of directing the expression of genes to 
which they are operatively linked. Such vectors are referred to herein as "expression 
vectors". In general, expression vectors of utility in recombinant DNA techniques are 
often in the form of plasmids. In the present specification, "plasmid" and "vector" can 

20 be used interchangeably as the plasmid is the most commonly used form of vector. 
However, the invention is intended to include such other forms of expression vectors, 
such as viral vectors (e.g., replication defective retroviruses, adenoviruses and adeno- 
associated viruses), which serve equivalent functions. 

The recombinant expression vectors of the invention comprise a nucleic acid of 

25 the invention in a form suitable for expression of the nucleic acid in a host cell, which 
means that the recombinant expression vectors include one or more regulatory 
sequences, selected on the basis of the host cells to be used for expression, which is 
operatively linked to the nucleic acid sequence to be expressed. Within a recombinant 
expression vector, "operably linked" is intended to mean that the nucleotide sequence of 

30 interest is linked to the regulatory sequence(s) in a manner which allows for expression 
of the nucleotide sequence (e.g., in an in vitro transcription/translation system or in a 
host cell when the vector is introduced into the host cell). The term "regulatory 
sequence" is intended to includes promoters, enhancers and other expression control 
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elements (e.g., polyadenylation signals). Such regulatory sequences are described, for 
example, in Goeddel; Gene Expression Technology: Methods in Enzymology 185, 
Academic Press, San Diego, CA (1990). Regulatory sequences include those which 
direct constitutive expression of a nucleotide sequence in many types of host cell and 
5 those which direct expression of the nucleotide sequence only in certain host cells (e.g., 
tissue-specific regulatory sequences). It will be appreciated by those skilled in the art 
that the design of the expression vector can depend on such factors as the choice of the 
host cell to be transformed, the level of expression of protein desired, and the like. The 
expression vectors of the invention can be introduced into host cells to thereby produce 
10 proteins or peptides, including fusion proteins or peptides, encoded by nucleic acids as 
described herein (e.g., LGR6 proteins, mutant forms of LGR6 proteins, fusion proteins, 
and the like). 

The recombinant expression vectors of the invention can be designed for 
expression of LGR6 proteins in prokaryotic or eukaryotic cells. For example, LGR6 

15 proteins can be expressed in bacterial cells such as E. coli, insect cells (using 

baculovirus expression vectors) yeast cells or mammalian cells. Suitable host cells are 
discussed further in Goeddel, Gene Expression Technology: Methods in Enzymology 
1 85, Academic Press, San Diego, CA (1990). Alternatively, the recombinant expression 
vector can be transcribed and translated in vitro, for example using T7 promoter 

20 regulatory sequences and T7 polymerase. 

Expression of proteins in prokaryotes is most often carried out in E. coli with 
vectors containing constitutive or inducible promoters directing the expression of either 
fusion or non-fusion proteins. Fusion vectors add a number of amino acids to a protein 
encoded therein, usually to the amino terminus of the recombinant protein. Such fusion 

25 vectors typically serve three purposes: 1) to increase expression of recombinant protein; 
2) to increase the solubility of the recombinant protein; and 3) to aid in the purification 
of the recombinant protein by acting as a ligand in affinity purification. Often, in fusion 
expression vectors, a proteolytic cleavage site is introduced at the junction of the fusion 
moiety and the recombinant protein to enable separation of the recombinant protein 

30 from the fusion moiety subsequent to purification of the fusion protein. Such enzymes, 
and their cognate recognition sequences, include Factor Xa, thrombin and enterokinase. 
Typical fusion expression vectors include pGEX (Pharmacia Biotech Inc; Smith, D.B. 
and Johnson, K.S. (1988) Gene 67:31-40), pMAL (New England Biolabs, Beverly, MA) 
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and pRIT5 (Pharmacia, Piscataway, NJ) which fuse glutathione S-transferase (GST), 
maltose E binding protein, or protein A, respectively, to the target recombinant protein. 

Purified fusion proteins can be utilized in LGR6 activity assays, (e.g., direct 
assays or competitive assays described in detail below), or to generate antibodies 
5 specific for LGR6 proteins, for example. In a preferred embodiment, an LGR6 fusion 
protein expressed in a retroviral expression vector of the present invention can be 
utilized to infect bone marrow cells which are subsequently transplanted into irradiated 
recipients. The pathology of the subject recipient is then examined after sufficient time 
has passed (e.g., six (6) weeks). 

1 0 Examples of suitable inducible non-fusion E. coli expression vectors include 

pTrc (Amann et al., (1988) Gene 69:301-315) and pET 1 Id (Studier et al, Gene 
Expression Technology: Methods in Enzymology 185, Academic Press, San Diego, 
California (1990) 60-89). Target gene expression from the pTrc vector relies on host 
RNA polymerase transcription from a hybrid trp-lac fusion promoter. Target gene 

1 5 expression from the pET lid vector relies on transcription from a 17 gnlO-lac fusion 
promoter mediated by a coexpressed viral RNA polymerase (T7 gnl). This viral 
polymerase is supplied by host strains BL21(DE3) or HMS174(DE3) from a resident 
prophage harboring a T7 gnl gene under the transcriptional control of the lacUV 5 
promoter. 

20 One strategy to maximize recombinant protein expression in E. coli is to express 

the protein in a host bacteria with an impaired capacity to proteolytically cleave the 
recombinant protein (Gottesman, S., Gene Expression Technology: Methods in 
Enzymology 185, Academic Press, San Diego, California (1990) 1 19-128). Another 
strategy is to alter the nucleic acid sequence of the nucleic acid to be inserted into an 

25 expression vector so that the individual codons for each amino acid are those 

preferentially utilized in R co//(Wada et a/., (1992) Nucleic Acids Res. 20:2111-2118). 
Such alteration of nucleic acid sequences of the invention can be carried out by standard 
DNA synthesis techniques. 

In another embodiment, the LGR6 expression vector is a yeast expression vector. 

30 Examples of vectors for expression in yeast S. cerevisae include pYepSecl (Baldari, et 
al, (1987) Embo J. 6:229-234), pMFa (Kurjan and Herskowitz, (1982) Cell 30:933- 
943), pJRY88 (Schultz et al, (1987) Gene 54:1 13-123), pYES2 (Invitrogen 
Corporation, San Diego, CA), and picZ (InVitrogen Corp, San Diego, CA). 
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Alternatively, LGR6 proteins can be expressed in insect cells using baculovirus 
expression vectors. Baculovirus vectors available for expression of proteins in cultured 
insect cells (e.g., Sf 9 cells) include the pAc series (Smith et al (1983) Mol Cell Biol. 
3:2156-2165) and the pVL series (Lucklow and Summers (1989) Virology 170:31-39). 
5 In yet another embodiment, a nucleic acid of the invention is expressed in 

mammalian cells using a mammalian expression vector. Examples of mammalian 
expression vectors include pCDM8 (Seed, B. (1 987) Nature 329:840) and pMT2PC 
(Kaufinan et al (1987) EMBOJ. 6:187-195). When used in mammalian cells, the 
expression vector's control functions are often provided by viral regulatory elements. 

10 For example, commonly used promoters are derived from polyoma, Adenovirus 2, 
cytomegalovirus and Simian Virus 40. For other suitable expression systems for both 
prokaryotic and eukaryotic cells see chapters 16 and 17 of Sambrook, J., Fritsh, E. F., 
and Maniatis, T. Molecular Cloning: A Laboratory Manual. 2nd, ed, Cold Spring 
Harbor Laboratory, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 

15 1989. 

In another embodiment, the recombinant mammalian expression vector is 
capable of directing expression of the nucleic acid preferentially in a particular cell type 
(e.g., tissue-specific regulatory elements are used to express the nucleic acid). Tissue- 
specific regulatory elements are known in the art. Non-limiting examples of suitable 

20 tissue-specific promoters include the albumin promoter (liver-specific; Pinkert et al 
(1987) Genes Dev. 1 :268-277), lymphoid-specific promoters (Calame and Eaton (1988) 
Adv. Immunol 43:235-275), in particular promoters of T cell receptors (Winoto and 
Baltimore (1989) EMBOJ. 8:729-733) and immunoglobulins (Banerji etal (1983) Cell 
33:729-740; Queen and Baltimore (1983) Cell 33:741-748), neuron-specific promoters 

25 (e.g., the neurofilament promoter; Byrne and Ruddle (1989) Proc. Natl. Acad. Sci. USA 
86:5473-5477), pancreas-specific promoters (Edlund et al (1985) Science 230:912-916), 
and mammary gland-specific promoters (e.g., milk whey promoter; U.S. Patent No. 
4,873,316 and European Application Publication No. 264,166). Developmentally- 
regulated promoters are also encompassed, for example the murine hox promoters 

30 (Kessel and Gruss (1990) Science 249:374-379) and the a-fetoprotein promoter (Campes 
and Tilghman (1989) Genes Dev. 3:537-546). 

The invention further provides a recombinant expression vector comprising a 
DNA molecule of the invention cloned into the expression vector in an antisense 
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orientation. That is, the DNA molecule is operatively linked to a regulatory sequence in 
a manner which allows for expression (by transcription of the DNA molecule) of an 
RNA molecule which is antisense to LGR6 mRNA. Regulatory sequences operatively 
linked to a nucleic acid cloned in the antisense orientation can be chosen which direct 
5 the continuous expression of the antisense RNA molecule in a variety of cell types, for 
instance viral promoters and/or enhancers, or regulatory sequences can be chosen which 
direct constitutive, tissue specific or cell type specific expression of antisense RNA. 
The antisense expression vector can be in the form of a recombinant plasmid, phagemid 
or attenuated virus in which antisense nucleic acids are produced under the control of a 

10 high efficiency regulatory region, the activity of which can be determined by the cell 
type into which the vector is introduced. For a discussion of the regulation of gene 
expression using antisense genes see Weintraub, H. et ai, Antisense RNA as a 
molecular tool for genetic analysis, Reviews - Trends in Genetics, Vol. 1(1) 1986. 

Another aspect of the invention pertains to host cells into which a recombinant 

1 5 expression vector of the invention has been introduced. The terms "host cell" and 
"recombinant host cell" are used interchangeably herein. It is understood that such 
terms refer not only to the particular subject cell but to the progeny or potential progeny 
of such a cell. Because certain modifications may occur in succeeding generations due 
to either mutation or environmental influences, such progeny may not, in fact, be 

20 identical to the parent cell, but are still included within the scope of the term as used 
herein. 

A host cell can be any prokaryotic or eukaryotic cell. For example, an LGR6 
protein can be expressed in bacterial cells such as E. coli, insect cells, yeast or 
mammalian cells (such as Chinese hamster ovary cells (CHO) or COS cells). Other 

25 suitable host cells are known to those skilled in the art. 

Vector DNA can be introduced into prokaryotic or eukaryotic cells via 
conventional transformation or transfection techniques. As used herein, the terms 
"transformation" and "transfection" are intended to refer to a variety of art-recognized 
techniques for introducing foreign nucleic acid (e.g., DNA) into a host cell, including 

30 calcium phosphate or calcium chloride co-precipitation, DEAE-dextran-mediated 
transfection, lipofection, or electroporation. Suitable methods for transforming or 
transfecting host cells can be found in Sambrook, et al. (Molecular Cloning: A 
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Laboratory Manual 2nd, ed, Cold Spring Harbor Laboratory, Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, NY, 1989), and other laboratory manuals. 

For stable transfection of mammalian cells, it is known that, depending upon the 
expression vector and transfection technique used, only a small fraction of cells may 
5 integrate the foreign DNA into their genome. In order to identify and select these 
integrants, a gene that encodes a selectable marker (e.g., resistance to antibiotics) is 
generally introduced into the host cells along with the gene of interest. Preferred 
selectable markers include those which confer resistance to drugs, such as G418, 
hygromycin and methotrexate. Nucleic acid encoding a selectable marker can be 

10 introduced into a host cell on the same vector as that encoding an LGR6 protein or can 
be introduced on a separate vector. Cells stably transfected with the introduced nucleic 
acid can be identified by drug selection (e.g., cells that have incorporated the selectable 
marker gene will survive, while the other cells die). 

A host cell of the invention, such as a prokaryotic or eukaryotic host cell in 

1 5 culture, can be used to produce (/. e. , express) an LGR6 protein. Accordingly, the 

invention further provides methods for producing an LGR6 protein using the host cells 
of the invention. In one embodiment, the method comprises culturing the host cell of 
invention (into which a recombinant expression vector encoding an LGR6 protein has 
been introduced) in a suitable medium such that an LGR6 protein is produced. In 

20 another embodiment, the method further comprises isolating an LGR6 protein from the 
medium or the host cell. 

The host cells of the invention can also be used to produce non-human transgenic 
animals. For example, in one embodiment, a host cell of the invention is a fertilized 
oocyte or an embryonic stem cell into which LGR6-coding sequences have been 

25 introduced. Such host cells can then be used to create non-human transgenic animals in 
which exogenous LGR6 sequences have been introduced into their genome or 
homologous recombinant animals in which endogenous LGR6 sequences have been 
altered. Such animals are useful for studying the function and/or activity of an LGR6 
and for identifying and/or evaluating modulators of LGR6 activity. As used herein, a 

30 "transgenic animal" is a non-human animal, preferably a mammal, more preferably a 
rodent such as a rat or mouse, in which one or more of the cells of the animal includes a 
transgene. Other examples of transgenic animals include non-human primates, sheep, 
dogs, cows, goats, chickens, amphibians, etc. A transgene is exogenous DNA which is 
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integrated into the genome of a cell from which a transgenic animal develops and which 
remains in the genome of the mature animal, thereby directing the expression of an 
encoded gene product in one or more cell types or tissues of the transgenic animal. As 
used herein, a "homologous recombinant animal" is a non-human animal, preferably a 
5 mammal, more preferably a mouse, in which an endogenous LGR6 gene has been 
altered by homologous recombination between the endogenous gene and an exogenous 
DNA molecule introduced into a cell of the animal, e.g., an embryonic cell of the 
animal, prior to development of the animal. 

A transgenic animal of the invention can be created by introducing an LGR6- 

10 encoding nucleic acid into the male pronuclei of a fertilized oocyte, e.g., by 
microinjection, retroviral infection, and allowing the oocyte to develop in a 
pseudopregnant female foster animal. The LGR6 cDNA sequence of SEQ ID NO:7 or 
SEQ ID NO: 10 can be introduced as a transgene into the genome of a non-human 
animal. Alternatively, a nonhuman homologue of a human LGR6 gene, such as a mouse 

15 or rat LGR6 gene, can be used as a transgene. Alternatively, an LGR6 gene homologue, 
such as another LGR6 family member, can be isolated based on hybridization to the 
LGR6 cDNA sequences of SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO:10 or SEQ ID 
NO: 12, (described further in subsection I above) and used as a transgene. Intronic 
sequences and polyadenylation signals can also be included in the transgene to increase 

20 the efficiency of expression of the transgene. A tissue-specific regulatory sequence(s) 
can be operably linked to an LGR6 transgene to direct expression of an LGR6 protein to 
particular cells. Methods for generating transgenic animals via embryo manipulation 
and microinjection, particularly animals such as mice, have become conventional in the 
art and are described, for example, in U.S. Patent Nos. 4,736,866 and 4,870,009, both 

25 by Leder et al, U.S. Patent No. 4,873,191 by Wagner et al and in Hogan, B., 

Manipulating the Mouse Embryo, (Cold Spring Harbor Laboratory Press, Cold Spring 
Harbor, N.Y., 1986). Similar methods are used for production of other transgenic 
animals. A transgenic founder animal can be identified based upon the presence of an 
LGR6 transgene in its genome and/or expression of LGR6 mRNA in tissues or cells of 

30 the animals. A transgenic founder animal can then be used to breed additional animals 
carrying the transgene. Moreover, transgenic animals carrying a transgene encoding an 
LGR6 protein can further be bred to other transgenic animals carrying other transgenes. 
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To create a homologous recombinant animal, a vector is prepared which contains 
at least a portion of an LGR6 gene into which a deletion, addition or substitution has 
been introduced to thereby alter, e.g., functionally disrupt, the LGR6 gene. The LGR6 
gene can be a mouse gene (e.g., the cDNA of SEQ ID NO:3) or a human gene (e.g., the 
5 cDNA of SEQ ID NO:9 or SEQ ID NO: 1 0), but more preferably, is a non-human 
homologue of a human LGR6 gene (e.g., a cDNA isolated by stringent hybridization 
with the nucleotide sequence of SEQ ID NO:7). For example, a mouse LGR6 gene can 
be used to construct a homologous recombination vector suitable for altering an 
endogenous LGR6 gene in the mouse genome. In a preferred embodiment, the vector is 

10 designed such that, upon homologous recombination, the endogenous LGR6 gene is 
functionally disrupted (i.e., no longer encodes a functional protein; also referred to as a 
"knock out" vector). Alternatively, the vector can be designed such that, upon 
homologous recombination, the endogenous LGR6 gene is mutated or otherwise altered 
but still encodes functional protein (e.g., the upstream regulatory region can be altered to 

15 thereby alter the expression of the endogenous LGR6 protein). In the homologous 
recombination vector, the altered portion of the LGR6 gene is flanked at its 5' and 3 f 
ends by additional nucleic acid sequence of the LGR6 gene to allow for homologous 
recombination to occur between the exogenous LGR6 gene carried by the vector and an 
endogenous LGR6 gene in an embryonic stem cell. The additional flanking LGR6 

20 nucleic acid sequence is of sufficient length for successful homologous recombination 
with the endogenous gene. Typically, several kilobases of flanking DNA (both at the 5 1 
and 3' ends) are included in the vector (see e.g., Thomas, K.R. and Capecchi, M. R. 
(1987) Cell 51 :503 for a description of homologous recombination vectors). The vector 
is introduced into an embryonic stem cell line (e.g., by electroporation) and cells in 

25 which the introduced LGR6 gene has homologously recombined with the endogenous 
LGR6 gene are selected (see e.g, Li, E. et al (1992) Cell 69:915). The selected cells 
are then injected into a blastocyst of an animal (e.g, a mouse) to form aggregation 
chimeras (see e.g, Bradley, A. in Teratocarcinomas and Embryonic Stem Cells: A 
Practical Approach, EJ. Robertson, ed. (IRL, Oxford, 1987) pp. 1 13-152). A chimeric 

30 embryo can then be implanted into a suitable pseudopregnant female foster animal and 
the embryo brought to term. Progeny harboring the homologously recombined DNA in 
their germ cells can be used to breed animals in which all cells of the animal contain the 
homologously recombined DNA by germline transmission of the transgene. Methods 
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for constructing homologous recombination vectors and homologous recombinant 
animals are described further in Bradley, A. (1991) Current Opinion in Biotechnology 
2:823-829 and in PCT International Publication Nos.: WO 90/1 1354 by Le Mouellec et 
al ; WO 91/01 140 by Smithies et al ; WO 92/0968 by Zijlstra et al ; and WO 93/041 69 
5 by Berns et al 

In another embodiment, transgenic non-humans animals can be produced which 
contain selected systems which allow for regulated expression of the transgene. One 
example of such a system is the cre/loxP recombinase system of bacteriophage PI . For 
a description of the cre/loxP recombinase system, see, e.g., Lakso et al. (1992) Proc. 

10 Natl. Acad. Scl USA 89:6232-6236. Another example of a recombinase system is the 
FLP recombinase system of Saccharomyces cerevisiae (O'Gorman et al (1991) Science 
251:1351-1355. If a cre/loxP recombinase system is used to regulate expression of the 
transgene, animals containing transgenes encoding both the Cre recombinase and a 
selected protein are required. Such animals can be provided through the construction of 

1 5 "double" transgenic animals, e.g. , by mating two transgenic animals, one containing a 
transgene encoding a selected protein and the other containing a transgene encoding a 
recombinase. 

Clones of the non-human transgenic animals described herein can also be 
produced according to the methods described in Wilmut, I. et al. (1997) Nature 

20 385:810-813 and PCT International Publication Nos. WO 97/07668 and WO 97/07669. 
In brief, a cell, e.g., a somatic cell, from the transgenic animal can be isolated and 
induced to exit the growth cycle and enter G 0 phase. The quiescent cell can then be 
fused, e.g., through the use of electrical pulses, to an enucleated oocyte from an animal 
of the same species from which the quiescent cell is isolated. The recontructed oocyte is 

25 then cultured such that it develops to morula or blastocyte and then transferred to 

pseudopregnant female foster animal. The offspring borne of this female foster animal 
will be a clone of the animal from which the cell, e.g., the somatic cell, is isolated. 

V. Pharmaceutical Compositions 
30 The LGR6 nucleic acid molecules, fragments of LGR6 proteins, and anti-LGR6 

antibodies (also referred to herein as "active compounds") of the invention can be 
incorporated into pharmaceutical compositions suitable for administration. Such 
compositions typically comprise the nucleic acid molecule, protein, or antibody and a 
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pharmaceutically acceptable carrier. As used herein the language "pharmaceutically 
acceptable carrier" is intended to include any and all solvents, dispersion media, 
coatings, antibacterial and antifungal agents, isotonic and absorption delaying agents, 
and the like, compatible with pharmaceutical administration. The use of such media and 
5 agents for pharmaceutically active substances is well known in the art. Except insofar as 
any conventional media or agent is incompatible with the active compound, use thereof 
in the compositions is contemplated. Supplementary active compounds can also be 
incorporated into the compositions. 

A pharmaceutical composition of the invention is formulated to be compatible 

1 0 with its intended route of administration. Examples of routes of administration include 
parenteral, e.g., intravenous, intradermal, subcutaneous, oral (e.g., inhalation), 
transdermal (topical), transmucosal, and rectal administration. Solutions or suspensions 
used for parenteral, intradermal, or subcutaneous application can include the following 
components: a sterile diluent such as water for injection, saline solution, fixed oils, 

15 polyethylene glycols, glycerine, propylene glycol or other synthetic solvents; 

antibacterial agents such as benzyl alcohol or methyl parabens; antioxidants such as 
ascorbic acid or sodium bisulfite; chelating agents such as ethylenediaminetetraacetic 
acid; buffers such as acetates, citrates or phosphates and agents for the adjustment of 
tonicity such as sodium chloride or dextrose. pH can be adjusted with acids or bases, 

20 such as hydrochloric acid or sodium hydroxide. The parenteral preparation can be 
enclosed in ampoules, disposable syringes or multiple dose vials made of glass or 
. plastic. 

Pharmaceutical compositions suitable for injectable use include sterile aqueous 
solutions (where water soluble) or dispersions and sterile powders for the 

25 extemporaneous preparation of sterile injectable solutions or dispersion. For 

intravenous administration, suitable carriers include physiological saline, bacteriostatic 
water, Cremophor EL™ (BASF, Parsippany, NJ) or phosphate buffered saline (PBS). 
In all cases, the composition must be sterile and should be fluid to the extent that easy 
syringability exists. It must be stable under the conditions of manufacture and storage 

30 and must be preserved against the contaminating action of microorganisms such as 
bacteria and fungi. The carrier can be a solvent or dispersion medium containing, for 
example, water, ethanol, polyol (for example, glycerol, propylene glycol, and liquid 
polyetheylene glycol, and the like), and suitable mixtures thereof. The proper fluidity 
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can be maintained, for example, by the use of a coating such as lecithin, by the 
maintenance of the required particle size in the case of dispersion and by the use of 
surfactants. Prevention of the action of microorganisms can be achieved by various 
antibacterial and antifungal agents, for example, parabens, chlorobutanol, phenol, 
5 ascorbic acid, thimerosal, and the like. In many cases, it will be preferable to include 
isotonic agents, for example, sugars, polyalcohols such as manitol, sorbitol, sodium 
chloride in the composition. Prolonged absorption of the injectable compositions can be 
brought about by including in the composition an agent which delays absorption, for 
example, aluminum monostearate and gelatin. 

10 Sterile injectable solutions can be prepared by incorporating the active 

. compound (e.g. , a fragment of an LGR6 protein or an anti-LGR6 antibody) in the 
required amount in an appropriate solvent with one or a combination of ingredients 
enumerated above, as required, followed by filtered sterilization. Generally, dispersions 
are prepared by incorporating the active compound into a sterile vehicle which contains 

1 5 a basic dispersion medium and the required other ingredients from those enumerated 
above. In the case of sterile powders for the preparation of sterile injectable solutions, 
the preferred methods of preparation are vacuum drying and freeze-drying which yields 
a powder of the active ingredient plus any additional desired ingredient from a 
previously sterile-filtered solution thereof. 

20 Oral compositions generally include an inert diluent or an edible carrier. They 

can be enclosed in gelatin capsules or compressed into tablets. For the purpose of oral 
therapeutic administration, the active compound can be incorporated with excipients and 
used in the form of tablets, troches, or capsules. Oral compositions can also be prepared 
using a fluid carrier for use as a mouthwash, wherein the compound in the fluid carrier is 

25 applied orally and swished and expectorated or swallowed. Pharmaceutically 

compatible binding agents, and/or adjuvant materials can be included as part of the 
composition. The tablets, pills, capsules, troches and the like can contain any of the 
following ingredients, or compounds of a similar nature: a binder such as 
microcrystalline cellulose, gum tragacanth or gelatin; an excipient such as starch or 

30 lactose, a disintegrating agent such as alginic acid, Primogel, or corn starch; a lubricant 
such as magnesium stearate or Sterotes; a glidant such as colloidal silicon dioxide; a 
sweetening agent such as sucrose or saccharin; or a flavoring agent such as peppermint, 
methyl salicylate, or orange flavoring. 



WO 01/85768 PCT/US01/15002 

-73- 

For administration by inhalation, the compounds are delivered in the form of an 
aerosol spray from pressured container or dispenser which contains a suitable propellant, 
e.g., a gas such as carbon dioxide, or a nebulizer. 

Systemic administration can also be by transmucosal or transdermal means. For 
5 transmucosal or transdermal administration, penetrants appropriate to the barrier to be 
permeated are used in the formulation. Such penetrants are generally known in the art, 
and include, for example, for transmucosal administration, detergents, bile salts, and 
fusidic acid derivatives. Transmucosal administration can be accomplished through the 
use of nasal sprays or suppositories. For transdermal administration, the active 
10 compounds are formulated into ointments, salves, gels, or creams as generally known in 
the art. 

The compounds can also be prepared in the form of suppositories (e.g., with 
conventional suppository bases such as cocoa butter and other glycerides) or retention 
enemas for rectal delivery. 

1 5 In one embodiment, the active compounds are prepared with carriers that will 

protect the compound against rapid elimination from the body, such as a controlled 
release formulation, including implants and microencapsulated delivery systems. 
Biodegradable, biocompatible polymers can be used, such as ethylene vinyl acetate, 
polyanhydrides, polyglycolic acid, collagen, polyorthoesters, and polylactic acid. 

20 Methods for preparation of such formulations will be apparent to those skilled in the art. 
The materials can also be obtained commercially from Alza Corporation and Nova 
Pharmaceuticals, Inc. Liposomal suspensions (including liposomes targeted to infected 
cells with monoclonal antibodies to viral antigens) can also be used as pharmaceutically 
acceptable carriers. These can be prepared according to methods known to those skilled 

25 in the art, for example, as described in U.S. Patent No. 4,522,81 1 . 

It is especially advantageous to formulate oral or parenteral compositions in 
dosage unit form for ease of administration and uniformity of dosage. Dosage unit form 
as used herein refers to physically discrete units suited as unitary dosages for the subject 
to be treated; each unit containing a predetermined quantity of active compound 

30 calculated to produce the desired therapeutic effect in association with the required 
pharmaceutical carrier. Depending on the type and severity of the disease, about 1 
jig/kg to 15 mg/kg {e.g., 0.1 to 20 mg/kg) of antibody is an initial candidate dosage for 
administration to the patient, whether, for example, by one or more separate 
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administrations, or by continuous infusion. A typical daily dosage might range from 
about 1 |ag/kg to 100 mg/kg or more, depending on the factors mentioned above. For 
repeated administrations over several days or longer, depending on the condition, the 
treatment is sustained until a desired suppression of disease symptoms occurs. 
5 However, other dosage regimens may be useful. The progress of this therapy can be 
monitored by standard techniques and assays. An exemplary dosing regimen is 
disclosed in WO 94/041 88. The specification for the dosage unit forms of the invention 
are dictated by and directly dependent on the unique characteristics of the active 
compound and the particular therapeutic effect to be achieved, and the limitations 
1 0 inherent in the art of compounding such an active compound for the treatment of 
individuals. 

Toxicity and therapeutic efficacy of such compounds can be determined by 
standard pharmaceutical procedures in cell cultures or experimental animals, e.g., for 
determining the LD50 (the dose lethal to 50% of the population) and the ED50 (the dose 

1 5 therapeutically effective in 50% of the population). The dose ratio between toxic and 
therapeutic effects is the therapeutic index and it can be expressed as the ratio 
LD50/ED50. Compounds which exhibit large therapeutic indices are preferred. While 
compounds that exhibit toxic side effects may be used, care should be taken to design a 
delivery system that targets such compounds to the site of affected tissue in order to 

20 minimize potential damage to uninfected cells and, thereby, reduce side effects. 

The data obtained from the cell culture assays and animal studies can be used in 
formulating a range of dosage for use in humans. The dosage of such compounds lies 
preferably within a range of circulating concentrations that include the ED50 with little 
or no toxicity. The dosage may vary within this range depending upon the dosage form 

25 employed and the route of administration utilized. For any compound used in the 
method of the invention, the therapeutically effective dose can be estimated initially 
from cell culture assays. A dose may be formulated in animal models to achieve a 
circulating plasma concentration range that includes the IC50 (i.e., the concentration of 
the test compound which achieves a half-maximal inhibition of symptoms) as 

30 determined in cell culture. Such information can be used to more accurately determine 
useful doses in humans. Levels in plasma may be measured, for example, by high 
performance liquid chromatography. 
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As defined herein, a therapeutically effective amount of protein or polypeptide 
(/.e., an effective dosage) ranges from about 0.001 to 30 mg/kg body weight, preferably 
about 0.01 to 25 mg/kg body weight, more preferably about 0.1 to 20 mg/kg body 
weight, and even more preferably about 1 to 10 mg/kg, 2 to 9 mg/kg, 3 to 8 mg/kg, 4 to 
5 7 mg/kg, or 5 to 6 mg/kg body weight. The skilled artisan will appreciate that certain 
factors may influence the dosage required to effectively treat a subject, including but not 
limited to the severity of the disease or disorder, previous treatments, the general health 
and/or age of the subject, and other diseases present. Moreover, treatment of a subject 
with a therapeutically effective amount of a protein, polypeptide, or antibody can 

1 0 include a single treatment or, preferably, can include a series of treatments. 

In a preferred example, a subject is treated with antibody, protein, or polypeptide 
in the range of between about 0.1 to 20 mg/kg body weight, one time per week for 
between about 1 to 10 weeks, preferably between 2 to 8 weeks, more preferably between 
about 3 to 7 weeks, and even more preferably for about 4, 5, or 6 weeks. It will also be 

1 5 appreciated that the effective dosage of antibody, protein, or polypeptide used for 

treatment may increase or decrease over the course of a particular treatment. Changes in 
dosage may result and become apparent from the results of diagnostic assays as 
described herein. 

The present invention encompasses agents which modulate expression or 
20 activity. An agent may, for example, be a small molecule. For example, such small 
molecules include, but are not limited to, peptides, peptidomimetics, amino acids, amino 
acid analogs, polynucleotides, polynucleotide analogs, nucleotides, nucleotide analogs, 
organic or inorganic compounds (z\e,. including heteroorganic and organometallic 
compounds) having a molecular weight less than about 10,000 grams per mole, organic 
25 or inorganic compounds having a molecular weight less than about 5,000 grams per 
mole, organic or inorganic compounds having a molecular weight less than about 1,000 
grams per mole, organic or inorganic compounds having a molecular weight less than 
about 500 grams per mole, and salts, esters, and other pharmaceutically acceptable 
forms of such compounds. It is understood that appropriate doses of small molecule 
30 agents depends upon a number of factors within the ken of the ordinarily skilled 

physician, veterinarian, or researcher. The dose(s) of the small molecule will vary, for 
example, depending upon the identity, size, and condition of the subject or sample being 
treated, further depending upon the route by which the composition is to be 
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administered, if applicable, and the effect which the practitioner desires the small 
molecule to have upon the nucleic acid or polypeptide of the invention. 

Exemplary doses include milligram or microgram amounts of the small molecule 
per kilogram of subject or sample weight (e.g., about 1 microgram per kilogram to about 
5 500 milligrams per kilogram, about 1 00 micrograms per kilogram to about 5 milligrams 
per kilogram, or about 1 microgram per kilogram to about 50 micrograms per kilogram. 
It is furthermore understood that appropriate doses of a small molecule depend upon the 
potency of the small molecule with respect to the expression or activity to be modulated. 
Such appropriate doses may be determined using the assays described herein. When one 

10 or more of these small molecules is to be administered to an animal (e.g., a human) in 
order to modulate expression or activity of a polypeptide or nucleic acid of the 
invention, a physician, veterinarian, or researcher may, for example, prescribe a 
relatively low dose at first, subsequently increasing the dose until an appropriate 
response is obtained. In addition, it is understood that the specific dose level for any 

15 particular animal subject will depend upon a variety of factors including the activity of 
the specific compound employed, the age, body weight, general health, gender, and diet 
of the subject, the time of administration, the route of administration, the rate of 
excretion, any drug combination, and the degree of expression or activity to be 
modulated. 

20 Further, an antibody (or fragment thereof) may be conjugated to a therapeutic 

moiety such as a cytotoxin, a therapeutic agent or a radioactive metal ion. A cytotoxin 
or cytotoxic agent includes any agent that is detrimental to cells. Examples include 
taxol, cytochalasin B, gramicidin D, ethidium bromide, emetine, mitomycin, etoposide, 
tenoposide, vincristine, vinblastine, colchicin, doxorubicin, daunorubicin, dihydroxy 

25 anthracin dione, mitoxantrone, mithramycin, actinomycin D, 1-dehydrotestosterone, 
glucocorticoids, procaine, tetracaine, lidocaine, propranolol, and puromycin and analogs 
or homologs thereof. Therapeutic agents include, but are not limited to, antimetabolites 
(e.g., methotrexate, 6-mercaptopurine, 6-thioguanine, cytarabine, 5-fluorouracil 
decarbazine), alkylating agents (e.g., mechlorethamine, thioepa chlorambucil, 

30 melphalan, carmustine (BSNU) and lomustine (CCNU), cyclothosphamide, busulfan, 
dibromomannitol, streptozotocin, mitomycin C, and cis-dichlorodiamine platinum (II) 
(DDP) cisplatin), anthracyclines (e.g., daunorubicin (formerly daunomycin) and 
doxorubicin), antibiotics (e.g., dactinomycin (formerly actinomycin), bleomycin, 



WO 01/85768 



-77- 



PCT/US01/15002 



mithramycin, and anthramycin (AMC)), and anti-mitotic agents (e.g., vincristine and 
vinblastine). 

The conjugates of the invention can be used for modifying a given biological 
response, the drug moiety is not to be construed as limited to classical chemical 
5 therapeutic agents. For example, the drug moiety may be a protein or polypeptide 

possessing a desired biological activity. Such proteins may include, for example, a toxin 
such as abrin, ricin A, pseudomonas exotoxin, or diphtheria toxin; a protein such as 
tumor necrosis factor, alpha-interferon, beta-interferon, nerve growth factor, platelet 
derived growth factor, tissue plasminogen activator; or, biological response modifiers 

10 such as, for example, lymphokines, interleukin-1 ("IL-1"), interleukin-2 ("IL-2"), 

interleukin-6 ("IL-6"), granulocyte macrophase colony stimulating factor ("GM-CSF"), 
granulocyte colony stimulating factor ("G-CSF"), or other growth factors. 

Techniques for conjugating such therapeutic moiety to antibodies are well 
known, see, e.g., Arnon et al, "Monoclonal Antibodies For Immunotargeting Of Drugs 

15 In Cancer Therapy", in Monoclonal Antibodies And Cancer Therapy, Reisfeld et al 
(eds.), pp. 243-56 (Alan R. Liss, Inc. 1985); Hellstrom et al, "Antibodies For Drug 
Delivery", in Controlled Drug Delivery (2nd Ed.), Robinson et al (eds.), pp. 623-53 
(Marcel Dekker, Inc. 1987); Thorpe, "Antibody Carriers Of Cytotoxic Agents In Cancer 
Therapy: A Review", in Monoclonal Antibodies '84: Biological And Clinical 

20 Applications, Pinchera et al (eds.), pp. 475-506 (1985); "Analysis, Results, And Future 
Prospective Of The Therapeutic Use Of Radiolabeled Antibody In Cancer Therapy", in 
Monoclonal Antibodies For Cancer Detection And Therapy, Baldwin et al (eds.), pp. 
303-16 (Academic Press 1985), and Thorpe et al, "The Preparation And Cytotoxic 
Properties Of Antibody-Toxin Conjugates", Immunol. Rev., 62:1 19-58 (1982). 

25 Alternatively, an antibody can be conjugated to a second antibody to form an antibody 
heteroconjugate as described by Segal in U.S. Patent No. 4,676,980. 

The nucleic acid molecules of the invention can be inserted into vectors and used 
as gene therapy vectors. Gene therapy vectors can be delivered to a subject by, for 
example, intravenous injection, local administration (see U.S. Patent 5,328,470) or by 

30 stereotactic injection (see e.g., Chen et al (1994) Proc. Natl Acad. Scl USA 91 :3054- 
3057). The pharmaceutical preparation of the gene therapy vector can include the gene 
therapy vector in an acceptable diluent, or can comprise a slow release matrix in which 
the gene delivery vehicle is imbedded. Alternatively, where the complete gene delivery 
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vector can be produced intact from recombinant cells, e.g., retroviral vectors, the 
pharmaceutical preparation can include one or more cells which produce the gene 
delivery system. 

The pharmaceutical compositions can be included in a container, pack, or 
5 dispenser together with instructions for administration. 

VI. Uses and Methods of the Invention 

The nucleic acid molecules, proteins, protein homologies, and antibodies 
described herein can be used in one or more of the following methods: a) screening 

10 assays; b) predictive medicine (e.g. , diagnostic assays, prognostic assays, monitoring 
clinical trials, and pharmacogenetics); and c) methods of treatment (e.g., therapeutic and 
prophylactic). As described herein, an LGR6 protein of the invention has one or more of 
the following activities: (1) it can interact with (e.g., bind to) an extracellular signal, 
e.g., a glycohormone, or a cell surface receptor; (2) it can mobilize an intracellular 

1 5 molecule that participates in a signal transduction pathway such as adenylate cyclase or 
phosphatidylinositol 4,5-bisphosphate (PIP2X inositol 1,4,5-triphosphate (IP3); (3) it can 
modulate cell attachment; (4) it can modulate neural development and maintenance; (5) 
it can modulate thermogenesis in adipocytes, e.g., brown adipocytes or muscle; (6) 
modulate endocrine function; or (7) it can modulate cardiovascular activities. 

20 The isolated nucleic acid molecules of the invention can be used, for example, to 

express LGR6 protein (e.g., via a recombinant expression vector in a host cell in gene 
therapy applications), to detect LGR6 mRNA (e.g, in a biological sample) or a genetic 
alteration in an LGR6 gene, and to modulate LGR6 activity, as described further below. 
The LGR6 proteins can be used to treat disorders characterized by insufficient or 

25 excessive production of an LGR6 substrate or production of LGR6 inhibitors. In 
addition, the LGR6 proteins can be used to screen for naturally occurring LGR6 
substrates, to screen for drugs or compounds which modulate LGR6 activity, as well as 
to treat disorders characterized by insufficient or excessive production of LGR6 protein 
or production of LGR6 protein forms which have decreased or aberrant activity 

30 compared to LGR6 wild type protein (e.g, a weight disorder, e.g., obesity, anorexia, 
cachexia; a cardiovascular disorder, e.g., atherosclerosis, ischaemia reperfusion injury, 
cardiac hypertrophy, hypertension, coronary artery disease, myocardial infarction, 
arrythmia, cardiomyopathies, and congestive heart failure; a neural disorder). 
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Moreover, the anti-LGR6 antibodies of the invention can be used to detect and isolate 
LGR6 proteins, regulate the bioavailability of LGR6 proteins, and modulate LGR6 
activity. 

5 A. Screening Assays : 

The invention provides a method (also referred to herein as a "screening assay") 
for identifying modulators, le. y candidate or test compounds or agents (e.g., peptides, 
peptidomimetics, small molecules or other drugs) which bind to LGR6 proteins, have a 
stimulatory or inhibitory effect on, for example, LGR6 expression or LGR6 activity, or 
1 0 have a stimulatory or inhibitory effect on, for example, the expression or activity of 
LGR6 substrate. 

In one embodiment, the invention provides assays for screening candidate or test 
compounds which are substrates of an LGR6 protein or polypeptide or biologically 
active portion thereof. In another embodiment, the invention provides assays for 

1 5 screening candidate or test compounds which bind to or modulate the activity of an 

LGR6 protein or polypeptide or biologically active portion thereof. The test compounds 
of the present invention can be obtained using any of the numerous approaches in 
combinatorial library methods known in the art, including: biological libraries; spatially 
addressable parallel solid phase or solution phase libraries; synthetic library methods 

20 requiring deconvolution; the 'one-bead one-compound' library method; and synthetic 
library methods using affinity chromatography selection. The biological library 
approach is limited to peptide libraries, while the other four approaches are applicable to 
peptide, non-peptide oligomer or small molecule libraries of compounds (Lam, K.S. 
(1997) Anticancer Drug Des. 12:145). 

25 Examples of methods for the synthesis of molecular libraries can be found in the 

art, for example in: DeWitt et al (1993) Proc. Natl Acad ScL U.S.A. 90:6909; Erb et 
al (1994) Proc. Natl Acad. Sci. USA 91:11422; Zuckermann et al (1994). J. Med. 
Chem. 37:2678; Cho etal (1993) &fewe 261:1303; CarrelleM/. (1994) Angew. Chem. 
Int. Ed Engl 33:2059; Carell et al (1994) Angew. Chem. Int. Ed Engl 33:2061; and in 

30 Gallop et al. (1994) J. Med Chem. 37:1233. 

Libraries of compounds may be presented in solution {e.g., Houghten (1992) 
Biotechniques 13:412-421), or on beads (Lam (1991) Nature 354:82-84), chips (Fodor 
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(1993) Nature 364:555-556), bacteria (Ladner USP 5,223,409), spores (Ladner USP 
'409), plasmids (Cull etal (1992) Proc Natl Acad Sci USA 89:1865-1869) or on phage 
(Scott and Smith (1990) Science 249:386-390); (Devlin (1990) Science 249:404-406); 
(Cwirla et al (1990) Proc. Natl Acad. Sci. 87:6378-6382); (Felici (1991) J. Mol Biol 
5 222:301-310); (Ladner supra.). 

In one embodiment, an assay is a cell-based assay in which a cell which 
expresses an LGR6 protein or biologically active portion thereof is contacted with a test 
compound and the ability of the test compound to modulate LGR6 activity is 
determined. Determining the ability of the test compound to modulate LGR6 activity 

10 can be accomplished by monitoring, for example, the release of a neurotransmitter from 
a cell which expresses LGR6. The cell, for example, can be of mammalian origin. 
Determining the ability of the test compound to modulate the ability of LGR6 to bind to 
a substrate can be accomplished, for example, by coupling the LGR6 substrate with a 
radioisotope or enzymatic label such that binding of the LGR6 substrate to LGR6 can be 

15 determined by detecting the labeled LGR6 substrate in a complex. For example, 
compounds (e.g., LGR6 substrates) can be labeled with 125^ 35 S> 14 Cj or 3 H , either 
directly or indirectly, and the radioisotope detected by direct counting of 
radioemmission or by scintillation counting. Alternatively, compounds can be 
enzymatically labeled with, for example, horseradish peroxidase, alkaline phosphatase, 

20 or luciferase, and the enzymatic label detected by determination of conversion of an 
appropriate substrate to product. 

It is also within the scope of this invention to determine the ability of a 
compound (e.g., LGR6 substrate) to interact with LGR6 without the labeling of any of 
the interactants. For example, a microphysiometer can be used to detect the interaction 

25 of a compound with LGR6 without the labeling of either the compound or the LGR6. 
McConnell, H. M. etal. (1992) Science 257:1906-1912. As used herein, a 
"microphysiometer" (e.g., Cytosensor) is an analytical instrument that measures the rate 
at which a cell acidifies its environment using a light-addressable potentiometric sensor 
(LAPS). Changes in this acidification rate can be used as an indicator of the interaction 

30 between a compound and LGR6. 

In another embodiment, an assay is a cell-based assay comprising contacting a 
cell expressing an LGR6 target molecule (e.g., an LGR6 substrate) with a test compound 
and determining the ability of the test compound to modulate (e.g. stimulate or inhibit) 
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the activity of the LGR6 target molecule. Determining the ability of the test compound 
to modulate the activity of an LGR6 target molecule can be accomplished, for example, 
by determining the ability of the LGR6 protein to bind to or interact with the LGR6 
target molecule. 

5 Determining the ability of the LGR6 protein or a biologically active fragment 

thereof, to bind to or interact with an LGR6 target molecule can be accomplished by one 
of the methods described above for determining direct binding. In a preferred 
embodiment, determining the ability of the LGR6 protein to bind to or interact with an 
LGR6 target molecule can be accomplished by determining the activity of the target 

10 molecule. For example, the activity of the target molecule can be determined by 

detecting induction of a cellular second messenger of the target (/.&, intracellular Ca^ 4 ", 
diacylglycerol, IP3, and the like), detecting catalytic/enzymatic activity of the target an 
appropriate substrate, detecting the induction of a reporter gene (comprising a target- 
responsive regulatory element operatively linked to a nucleic acid encoding a detectable 

1 5 marker, e.g. , luciferase), or detecting a target-regulated cellular response. 

In yet another embodiment, an assay of the present invention is a cell-free assay 
in which an LGR6 protein or biologically active portion thereof is contacted with a test 
compound and the ability of the test compound to bind to the LGR6 protein or 
biologically active portion thereof is determined. Preferred biologically active portions 

20 of the LGR6 proteins to be used in assays of the present invention include fragments 
which participate in interactions with non-LGR6 molecules, e.g., extracellular ligand, or 
fragments with high surface probability scores. Binding of the test compound to the 
LGR6 protein can be determined either directly or indirectly as described above. In a 
preferred embodiment, the assay includes contacting the LGR6 protein or biologically 

25 active portion thereof with a known compound which binds LGR6 to form an assay 
mixture, contacting the assay mixture with a test compound, and determining the ability 
of the test compound to interact with an LGR6 protein, wherein determining the ability 
of the test compound to interact with an LGR6 protein comprises determining the ability 
of the test compound to preferentially bind to LGR6 or biologically active portion 

30 thereof as compared to the known compound. 

In another embodiment, the assay is a cell-free assay in which an LGR6 protein 
or biologically active portion thereof is contacted with a test compound and the ability 
of the test compound to modulate (e.g. , stimulate or inhibit) the activity of the LGR6 
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protein or biologically active portion thereof is determined. Determining the ability of 
the test compound to modulate the activity of an LGR6 protein can be accomplished, for 
example, by determining the ability of the LGR6 protein to bind to an LGR6 target 
molecule by one of the methods described above for determining direct binding. 
5 Determining the ability of the LGR6 protein to bind to an LGR6 target molecule can 
also be accomplished using a technology such as real-time Biomolecular Interaction 
Analysis (BIA). Sjolander, S. and Urbaniczky, C. (1991) Anal. Chem. 63:2338-2345 
and Szabo et al. (1995) Curr. Opin. Struct Biol 5:699-705. As used herein, "BIA" is a 
technology for studying biospecific interactions in real time, without labeling any of the 
10 interactants {e.g., BIAcore). Changes in the optical phenomenon of surface plasmon 
resonance (SPR) can be used as an indication of real-time reactions between biological 
molecules. 

In an alternative embodiment, determining the ability of the test compound to 
modulate the activity of an LGR6 protein can be accomplished by determining the 

1 5 ability of the LGR6 protein to further modulate the activity of a downstream effector of 
an LGR6 target molecule. For example, the activity of the effector molecule on an 
appropriate target can be determined or the binding of the effector to an appropriate 
target can be determined as previously described. 

In yet another embodiment, the cell-free assay involves contacting an LGR6 

20 protein or biologically active portion thereof with a known compound which binds the 
LGR6 protein to form an assay mixture, contacting the assay mixture with a test 
compound, and determining the ability of the test compound to interact with the LGR6 
protein, wherein determining the ability of the test compound to interact with the LGR6 
protein comprises determining the ability of the LGR6 protein to preferentially bind to 

25 or modulate the activity of an LGR6 target molecule. 

The cell-free assays of the present invention are amenable to use of both soluble 
and/or membrane-bound forms of isolated proteins (e.g., LGR6 proteins or biologically 
active portions thereof). In the case of cell-free assays in which a membrane-bound 
form an isolated protein is used (e.g., an LGR6 protein) it may be desirable to utilize a 

30 solubilizing agent such that the membrane-bound form of the isolated protein is 
maintained in solution. Examples of such solubilizing agents include non-ionic 
detergents such as n-octylglucoside, n-dodecylglucoside, n-dodecylmaltoside, octanoyl- 
N-methylglucamide, decanoyl-N-methylglucamide, Triton® X-100, Triton® X-l 14, 
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Thesit®, Isotridecypoly(ethylene glycol ether) n , 3-[(3- 
cholainidopropyl)dimethylamniinio]-l-propane sulfonate (CHAPS), 3-[(3- 
cholamidopropyl)dimethylammuiio]-2-hydroxy-l -propane sulfonate (CHAPSO), or N- 
dodecy l=N,N-dimethyl-3-ammonio- 1 -propane sulfonate. 
5 In more than one embodiment of the above assay methods of the present 

invention, it may be desirable to immobilize either LGR6 or its target molecule to 
facilitate separation of complexed from uncomplexed forms of one or both of the 
proteins, as well as to accommodate automation of the assay. Binding of a test 
compound to an LGR6 protein, or interaction of an LGR6 protein with a target molecule 

10 in the presence and absence of a candidate compound, can be accomplished in any 

vessel suitable for containing the reactants. Examples of such vessels include microtitre 
plates, test tubes, and micro-centrifuge tubes. In one embodiment, a fusion protein can 
be provided which adds a domain that allows one or both of the proteins to be bound to 
a matrix. For example, glutathione-S-transferase/ LGR6 fusion proteins or glutathione- 

15 S-transferase/target fusion proteins can be adsorbed onto glutathione sepharose beads 
(Sigma Chemical, St. Louis, MO) or glutathione derivatized microtitre plates, which are 
. then combined with the test compound or the test compound and either the non-adsorbed 
target protein or LGR6 protein, and the mixture incubated under conditions conducive to 
complex formation (e.g., at physiological conditions for salt and pH). Following 

20 incubation, the beads or microtitre plate wells are washed to remove any unbound 
components, the matrix immobilized in the case of beads, complex determined either 
directly or indirectly, for example, as described above. Alternatively, the complexes can 
be dissociated from the matrix, and the level of LGR6 binding or activity determined 
using standard techniques. 

25 Other techniques for immobilizing proteins on matrices can also be used in the 

screening assays of the invention. For example, either an LGR6 protein or an LGR6 
target molecule can be immobilized utilizing conjugation of biotin and streptavidin. 
Biotinylated LGR6 protein or target molecules can be prepared from biotin-NHS (N- 
hydroxy-succinimide) using techniques known in the art (e.g., biotinylation kit, Pierce 

30 Chemicals, Rockford, IL), and immobilized in the wells of streptavidin-coated 96 well 
plates (Pierce Chemical). Alternatively, antibodies reactive with LGR6 protein or target 
molecules but which do not interfere with binding of the LGR6 protein to its target 
molecule can be derivatized to the wells of the plate, and unbound target or LGR6 
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protein trapped in the wells by antibody conjugation. Methods for detecting such 
complexes, in addition to those described above for the GST-immobilized complexes, 
include immunodetection of complexes using antibodies reactive with the LGR6 protein 
or target molecule, as well as enzyme-linked assays which rely on detecting an 
5 enzymatic activity associated with the LGR6 protein or target molecule. 

In another embodiment, modulators of LGR6 expression are identified in a 
method wherein a cell is contacted with a candidate compound and the expression of 
LGR6 mRNA or protein in the cell is determined. The level of expression of LGR6 
mRNA or protein in the presence of the candidate compound is compared to the level of 

1 0 expression of LGR6 rnRNA or protein in the absence of the candidate compound. The 
candidate compound can then be identified as a modulator of LGR6 expression based on 
this comparison. For example, when expression of LGR6 mRNA or protein is greater 
(statistically significantly greater) in the presence of the candidate compound than in its 
absence, the candidate compound is identified as a stimulator of LGR6 mRNA or 

1 5 protein expression. Alternatively, when expression of LGR6 mRNA or protein is less 
(statistically significantly less) in the presence of the candidate compound than in its 
absence, the candidate compound is identified as an inhibitor of LGR6 mRNA or protein 
expression. The level of LGR6 mRNA or protein expression in the cells can be 
determined by methods described herein for detecting LGR6 mRNA or protein. 

20 In yet another aspect of the invention, the LGR6 proteins can be used as "bait 

proteins" in a two-hybrid assay or three-hybrid assay (see, e.g., U.S. Patent No. 
5,283,317; Zervos etal (1993) Cell 72:223-232; Madura et ah (1993) J. Biol. Chem. 
268:12046-12054; Bartel etal (1993) Biotechniques 14:920-924; Iwabuchi etal 
(1993) Oncogene 8:1693-1696; and Brent WO94/10300), to identify other proteins, 

25 which bind to or interact with LGR6 ("LGR6-binding proteins" or "LGR6-bp") and are 
involved in LGR6 activity. Such LGR6-binding proteins are also likely to be involved 
in the propagation of signals by the LGR6 proteins or LGR6 targets as, for example, 
downstream elements of an LGR6-mediated signaling pathway (e.g., adenylate cyclase). 
Alternatively, such LGR6-binding proteins are likely to be LGR6 inhibitors. 

30 The two-hybrid system is based on the modular nature of most transcription 

factors, which consist of separable DNA-binding and activation domains. Briefly, the 
assay utilizes two different DNA constructs. In one construct, the gene that codes for an 
LGR6 protein is fused to a gene encoding the DNA binding domain of a known 
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transcription factor (e.g., GAL-4). In the other construct, a DNA sequence, from a 
library of DNA sequences, that encodes an unidentified protein ("prey" or "sample") is 
fused to a gene that codes for the activation domain of the known transcription factor. If 
the "bait" and the "prey" proteins are able to interact, in vivo, forming an LGR6- 
5 dependent complex, the DNA-binding and activation domains of the transcription factor 
are brought into close proximity. This proximity allows transcription of a reporter gene 
(e.g., LacZ) which is operably linked to a transcriptional regulatory site responsive to 
the transcription factor. Expression of the reporter gene can be detected and cell 
colonies containing the functional transcription factor can be isolated and used to obtain 

10 the cloned gene which encodes the protein which interacts with the LGR6 protein. 

This invention further pertains to novel agents identified by the above-described 
screening assays. Accordingly, it is within the scope of this invention to further use an 
agent identified as described herein in an appropriate animal model. For example, an 
agent identified as described herein (e.g., an LGR6 modulating agent, an antisense 

1 5 LGR6 nucleic acid molecule, an LGR6-specific antibody, or an LGR6-binding partner) 
can be used in an animal model to determine the efficacy, toxicity, or side effects of 
treatment with such an agent. Alternatively, an agent identified as described herein can 
be used in an animal model to determine the mechanism of action of such an agent. 
Furthermore, this invention pertains to uses of novel agents identified by the above- 

20 described screening assays for treatments as described herein. 



B. Detection Assays 

Portions or fragments of the cDNA sequences identified herein (and the 
corresponding complete gene sequences) can be used in numerous ways as 
25 polynucleotide reagents. For example, these sequences can be used to: (i) map their 
respective genes on a chromosome; and, thus, locate gene regions associated with 
genetic disease; (ii) identify an individual from a minute biological sample (tissue 
typing); and (iii) aid in forensic identification of a biological sample. These applications 
are described in the subsections below. 

30 

1 . Chromosome Mapping 

Once the sequence (or a portion of the sequence) of a gene has been isolated, this 
sequence can be used to map the location of the gene on a chromosome. This process is 
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called chromosome mapping. Accordingly, portions or fragments of the LGR6 
nucleotide sequences, described herein, can be used to map the location of the LGR6 
genes on a chromosome. The mapping of the LGR6 sequences to chromosomes is an 
important first step in correlating these sequences with genes associated with disease. 
5 Briefly, LGR6 genes can be mapped to chromosomes by preparing PCR primers 

(preferably 15-25 bp in length) from the LGR6 nucleotide sequences. Computer 
analysis of the LGR6 sequences can be used to predict primers that do not span more 
than one exon in the genomic DNA, thus complicating the amplification process. These 
primers can then be used for PCR screening of somatic cell hybrids containing 

10 individual human chromosomes. Only those hybrids containing the human gene 
corresponding to the LGR6 sequences will yield an amplified fragment. 

Somatic cell hybrids are prepared by fusing somatic cells from different 
mammals (e.g., human and mouse cells). As hybrids of human and mouse cells grow 
and divide, they gradually lose human chromosomes in random order, but retain the 

15 mouse chromosomes. By using media in which mouse cells cannot grow, because they 
lack a particular enzyme, but human cells can, the one human chromosome that contains 
the gene encoding the needed enzyme, will be retained. By using various media, panels 
of hybrid cell lines can be established. Each cell line in a panel contains either a single 
human chromosome or a small number of human chromosomes, and a full set of mouse 

20 chromosomes, allowing easy mapping of individual genes to specific human 
chromosomes. (D'Eustachio P. etal (1983) Science 220:919-924). Somatic cell 
hybrids containing only fragments of human chromosomes can also be produced by 
using human chromosomes with translocations and deletions. 

PCR mapping of somatic cell hybrids is a rapid procedure for assigning a 

25 particular sequence to a particular chromosome. Three or more sequences can be 

assigned per day using a single thermal cycler. Using the LGR6 nucleotide sequences to 
design oligonucleotide primers, sublocalization can be achieved with panels of 
fragments from specific chromosomes. Other mapping strategies which can similarly be 
used to map an LGR6 sequence to its chromosome include in situ hybridization 

30 (described in Fan, Y. et al (1990) Proc. Natl. Acad. Sci. USA, 87:6223-27), pre- 

screening with labeled flow-sorted chromosomes, and pre-selection by hybridization to 
chromosome specific cDNA libraries. 
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Fluorescence in situ hybridization (FISH) of a DNA sequence to a metaphase 
chromosomal spread can further be used to provide a precise chromosomal location in 
one step. Chromosome spreads can be made using cells whose division has been 
blocked in metaphase by a chemical such as colcemid that disrupts the mitotic spindle. 
5 The chromosomes can be treated briefly with trypsin, and then stained with Giemsa. A 
pattern of light and dark bands develops on each chromosome, so that the chromosomes 
can be identified individually. The FISH technique can be used with a DNA sequence 
as short as 500 or 600 bases. However, clones larger than 1,000 bases have a higher 
likelihood of binding to a unique chromosomal location with sufficient signal intensity 

10 for simple detection. Preferably 1,000 bases, and more preferably 2,000 bases will 
suffice to get good results at a reasonable amount of time. For a review of this 
technique, see Verma et al 9 Human Chromosomes: A Manual of Basic Techniques 
(Pergamon Press, New York 1988). 

Reagents for chromosome mapping can be used individually to mark a single 

1 5 chromosome or a single site on that chromosome, or panels of reagents can be used for 
marking multiple sites and/or multiple chromosomes. Reagents corresponding to 
noncoding regions of the genes actually are preferred for mapping purposes. Coding 
sequences are more likely to be conserved within gene families, thus increasing the 
chance of cross hybridizations during chromosomal mapping. 

20 Once a sequence has been mapped to a precise chromosomal location, the 

physical position of the sequence on the chromosome can be correlated with genetic 
map data. (Such data are found, for example, in V. McKusick, Mendelian Inheritance in 
Man, available on-line through Johns Hopkins University Welch Medical Library). The 
relationship between a gene and a disease, mapped to the same chromosomal region, can 

25 then be identified through linkage analysis (co-inheritance of physically adjacent genes), 
described in, for example, Egeland, J. et al. (1987) Nature, 325:783-787. 

Moreover, differences in the DNA sequences between individuals affected and 
unaffected with a disease associated with the LGR6 gene, can be determined. If a 
mutation is observed in some or all of the affected individuals but not in any unaffected 

30 individuals, then the mutation is likely to be the causative agent of the particular disease. 
Comparison of affected and unaffected individuals generally involves first looking for 
structural alterations in the chromosomes, such as deletions or translocations that are 
visible from chromosome spreads or detectable using PGR based on that DNA sequence. 
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Ultimately, complete sequencing of genes from several individuals can be performed to 
confirm the presence of a mutation and to distinguish mutations from polymorphisms. 

2. Tissue Typing 

5 The LGR6 sequences of the present invention can also be used to identify 

individuals from minute biological samples. The United States military, for example, is 
considering the use of restriction fragment length polymorphism (KFLP) for 
identification of its personnel. In this technique, an individual's genomic DNA is 
digested with one or more restriction enzymes, and probed on a Southern blot to yield 

10 unique bands for identification. This method does not suffer from the current limitations 
of "Dog Tags" which can be lost, switched, or stolen, making positive identification 
difficult. The sequences of the present invention are useful as additional DNA markers 
for RFLP (described in U.S. Patent 5,272,057). 

Furthermore, the sequences of the present invention can be used to provide an 

15 alternative technique which determines the actual base-by-base DNA sequence of 
selected portions of an individual's genome. Thus, the LGR6 nucleotide sequences 
described herein can be used to prepare two PCR primers from the 5' and 3' ends of the 
sequences. These primers can then be used to amplify an individual's DNA and 
subsequently sequence it. 

20 Panels of corresponding DNA sequences from individuals, prepared in this 

manner, can provide unique individual identifications, as each individual will have a 
unique set of such DNA sequences due to allelic differences. The sequences of the 
present invention can be used to obtain such identification sequences from individuals 
and from tissue. The LGR6 nucleotide sequences of the invention uniquely represent 

25 portions of the human genome. Allelic variation occurs to some degree in the coding 
regions of these sequences, and to a greater degree in the noncoding regions. It is 
estimated that allelic variation between individual humans occurs with a frequency of 
about once per each 500 bases. Each of the sequences described herein can, to some 
degree, be used as a standard against which DNA from an individual can be compared 

30 for identification purposes. Because greater numbers of polymorphisms occur in the 
noncoding regions, fewer sequences are necessary to differentiate individuals. The 
noncoding sequences of SEQ ID NO:l, SEQ ID NO:4, SEQ ID NO:7, or SEQ ID 
NO: 1 0 can comfortably provide positive individual identification with a panel of 
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perhaps 10 to 1,000 primers which each yield a noncoding amplified sequence of 100 
bases. If predicted coding sequences, such as those in SEQ ID NO:3, SEQ ID NO:6, 
SEQ ID NO:9, SEQ ID NO: 12 are used, a more appropriate number of primers for 
positive individual identification would be 500-2,000. 
5 If a panel of reagents from LGR6 nucleotide sequences described herein is used 

to generate a unique identification database for an individual, those same reagents can 
later be used to identify tissue from that individual. Using the unique identification 
database, positive identification of the individual, living or dead, can be made from 
extremely small tissue samples. 

10 

3. Use of Partial LGR6 Sequences in Forensic Biology 
DNA-based identification techniques can also be used in forensic biology. 
Forensic biology is a scientific field employing genetic typing of biological evidence 
found at a crime scene as a means for positively identifying, for example, a perpetrator 

15 of a crime. To make such an identification, PCR technology can be used to amplify 
DNA sequences taken from very small biological samples such as tissues, e.g., hair or 
skin, or body fluids, e.g., blood, saliva, or semen found at a crime scene. The amplified 
sequence can then be compared to a standard, thereby allowing identification of the 
origin of the biological sample. 

20 The sequences of the present invention can be used to provide polynucleotide 

reagents, e.g., PCR primers, targeted to specific loci in the human genome, which can 
enhance the reliability of DNA-based forensic identifications by, for example, providing 
another "identification marker" (i.e. another DNA sequence that is unique to a particular 
individual). As mentioned above, actual base sequence information can be used for 

25 identification as an accurate alternative to patterns formed by restriction enzyme 

generated fragments. Sequences targeted to noncoding regions of SEQ ID NO:7 or SEQ 
ID NO: 10 are particularly appropriate for this use as greater numbers of polymorphisms 
occur in the noncoding regions, making it easier to differentiate individuals using this 
technique. Examples of polynucleotide reagents include the LGR6 nucleotide sequences 

30 or portions thereof, e.g. , fragments derived from the noncoding regions of SEQ ID NO:7 
and SEQ ID NO: 10, having a length of at least 20 bases, preferably at least 30 bases. 

The LGR6 nucleotide sequences described herein can further be used to provide 
polynucleotide reagents, e.g., labeled or labelable probes which can be used in, for 
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example, an in situ hybridization technique, to identify a specific tissue, e.g., brain 
tissue. This can be very useful in cases where a forensic pathologist is presented with a 
tissue of unknown origin. Panels of such LGR6 probes can be used to identify tissue by 
species and/or by organ type. 
5 In a similar fashion, these reagents, e.g., LGR6 primers or probes can be used to 

screen tissue culture for contamination (i.e. screen for the presence of a mixture of 
different types of cells in a culture). 

C. Predictive Medicine : 

10 The present invention also pertains to the field of predictive medicine in which 

diagnostic assays, prognostic assays, and monitoring clinical trials are used for 
prognostic (predictive) purposes to thereby treat an individual prophylactically. 
Accordingly, one aspect of the present invention relates to diagnostic assays for 
determining LGR6 protein and/or nucleic acid expression as well as LGR6 activity, in 

15 the context of a biological sample (e.g., blood, serum, cells, tissue) to thereby determine 
whether an individual is afflicted with a disease or disorder, or is at risk of developing a 
disorder, associated with aberrant LGR6 expression or activity. The invention also 
provides for prognostic (or predictive) assays for determining whether an individual is at 
risk of developing a disorder associated with LGR6 protein, nucleic acid expression or 

20 activity. For example, mutations in an LGR6 gene can be assayed in a biological 
sample. Such assays can be used for prognostic or predictive purpose to thereby 
phophylactically treat an individual prior to the onset of a disorder characterized by or 
associated with LGR6 protein, nucleic acid expression or activity. 

Another aspect of the invention pertains to monitoring the influence of agents 

25 (e.g. , drugs, compounds) on the expression or activity of LGR6 in clinical trials. 

These and other agents are described in further detail in the following sections. 

1. Diagnostic Assays 

An exemplary method for detecting the presence or absence of LGR6 protein or 
30 nucleic acid in a biological sample involves obtaining a biological sample from a test 
subject and contacting the biological sample with a compound or an agent capable of 
detecting LGR6 protein or nucleic acid (e.g., mRNA, genomic DNA) that encodes 
LGR6 protein such that the presence of LGR6 protein or nucleic acid is detected in the 
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biological sample. A preferred agent for detecting LGR6 mRNA or genomic DNA is a 
labeled nucleic acid probe capable of hybridizing to LGR6 mRNA or genomic DNA. 
The nucleic acid probe can be, for example, a full-length LGR6 nucleic acid, such as the 
nucleic acid of SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:12, or a 
5 portion thereof, such as an oligonucleotide of at least 15, 30, 50, 100, 250 or 500 

nucleotides in length and sufficient to specifically hybridize under stringent conditions 
to LGR6 mRNA or genomic DNA. Other suitable probes for use in the diagnostic 
assays of the invention are described herein. 

A preferred agent for detecting LGR6 protein is an antibody capable of binding 

10 to LGR6 protein, preferably an antibody with a detectable label. Antibodies can be 
polyclonal, or more preferably, monoclonal. An intact antibody, or a fragment thereof 
(e.g., Fab or F(ab')2) can be used. The term "labeled", with regard to the probe or 
antibody, is intended to encompass direct labeling of the probe or antibody by coupling 
(i.e., physically linking) a detectable substance to the probe or antibody, as well as 

1 5 indirect labeling of the probe or antibody by reactivity with another reagent that is 

directly labeled. Examples of indirect labeling include detection of a primary antibody 
using a fluorescently labeled secondary antibody and end-labeling of a DNA probe with 
biotin such that it can be detected with fluorescently labeled streptavidin. The term 
"biological sample" is intended to include tissues, cells and biological fluids isolated 

20 from a subject, as well as tissues, cells and fluids present within a subject. That is, the 
detection method of the invention can be used to detect LGR6 mRNA, protein, or 
genomic DNA in a biological sample in vitro as well as in vivo. For example, in vitro 
techniques for detection of LGR6 mRNA include Northern hybridizations and in situ 
hybridizations. In vitro techniques for detection of LGR6 protein include enzyme linked 

25 immunosorbent assays (ELISAs), Western blots, immunoprecipitations and 

immunofluorescence. In vitro techniques for detection of LGR6 genomic DNA include 
Southern hybridizations. Furthermore, in vivo techniques for detection of LGR6 protein 
include introducing into a subject a labeled anti-LGR6 antibody. For example, the 
antibody can be labeled with a radioactive marker whose presence and location in a 

30 subject can be detected by standard imaging techniques. 

In one embodiment, the biological sample contains protein molecules from the 
test subject. Alternatively, the biological sample can contain mRNA molecules from the 
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test subject or genomic DNA molecules from the test subject. A preferred biological 
sample is a serum sample isolated by conventional means from a subject. 

In another embodiment, the methods further involve obtaining a control 
biological sample from a control subject, contacting the control sample with a 
5 compound or agent capable of detecting LGR6 protein, mRNA, or genomic DNA, such 
that the presence of LGR6 protein, mRNA or genomic DNA is detected in the biological 
sample, and comparing the presence of LGR6 protein, mRNA or genomic DNA in the 
control sample with the presence of LGR6 protein, mRNA or genomic DNA in the test 
sample. 

10 The invention also encompasses kits for detecting the presence of LGR6 in a 

biological sample. For example, the kit can comprise a labeled compound or agent 
capable of detecting LGR6 protein or mRNA in a biological sample; means for 
determining the amount of LGR6 in the sample; and means for comparing the amount of 
LGR6 in the sample with a standard. The compound or agent can be packaged in a 

15 suitable container. The kit can further comprise instructions for using the kit to detect 
LGR6 protein or nucleic acid. 

2. Prognostic Assays 

The diagnostic methods described herein can furthermore be utilized to identify 
20 subjects having or at risk of developing a disease or disorder associated with aberrant 
LGR6 expression or activity. For example, the assays described herein, such as the 
preceding diagnostic assays or the following assays, can be utilized to identify a subject 
having or at risk of developing a disorder associated with a misregulation in LGR6 
protein activity or nucleic acid expression, such as a weight, cardiovascular, neural or 
25 endocrine disorder. Alternatively, the prognostic assays can be utilized to identify a 
subject having or at risk for developing a disorder associated with a misregulation in 
LGR6 protein activity or nucleic acid expression, such as a weight, cardiovascular, 
neural or endocrine disorder. Thus, the present invention provides a method for 
identifying a disease or disorder associated with aberrant LGR6 expression or activity in 
30 which a test sample is obtained from a subject and LGR6 protein or nucleic acid (e.g. , 
mRNA or genomic DNA) is detected, wherein the presence of LGR6 protein or nucleic 
acid is diagnostic for a subject having or at risk of developing a disease or disorder 
associated with aberrant LGR6 expression or activity. As used herein, a "test sample' 1 
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refers to a biological sample obtained from a subject of interest. For example, a test 
sample can be a biological fluid {e.g., serum), cell sample, or tissue. 

Furthermore, the prognostic assays described herein can be used to determine 
whether a subject can be administered an agent (e.g., an agonist, antagonist, 
5 peptidomimetic, protein, peptide, nucleic acid, small molecule, or other drug candidate) 
to treat a disease or disorder associated with aberrant LGR6 expression or activity. For 
example, such methods can be used to determine whether a subject can be effectively 
treated with an agent for a weight, cardiovascular, neural or endocrine disorder. Thus, 
the present invention provides methods for determining whether a subject can be 

1 0 effectively treated with an agent for a disorder associated with aberrant LGR6 

expression or activity in which a test sample is obtained and LGR6 protein or nucleic 
acid expression or activity is detected (e.g., wherein the abundance of LGR6 protein or 
nucleic acid expression or activity is diagnostic for a subject that can be administered 
the agent to treat a disorder associated with aberrant LGR6 expression or activity). 

15 The methods of the invention can also be used to detect genetic alterations in an 

LGR6 gene, thereby determining if a subject with the altered gene is at risk for a 
disorder characterized by misregulation in LGR6 protein activity or nucleic acid 
expression, such as a weight, cardiovascular, neural or endocrine disorder. In preferred 
embodiments, the methods include detecting, in a sample of cells from the subject, the 

20 presence or absence of a genetic alteration characterized by at least one of an alteration 
affecting the integrity of a gene encoding an LGR6-protein, or the mis-expression of the 
LGR6 gene. For example, such genetic alterations can be detected by ascertaining the 
existence of at least one of 1) a deletion of one or more nucleotides from an LGR6 gene; 
2) an addition of one or more nucleotides to an LGR6 gene; 3) a substitution of one or 

25 more nucleotides of an LGR6 gene, 4) a chromosomal rearrangement of an LGR6 gene; 
5) an alteration in the level of a messenger RNA transcript of an LGR6 gene, 6) aberrant 
modification of an LGR6 gene, such as of the methylation pattern of the genomic DNA, 
7) the presence of a non-wild type splicing pattern of a messenger RNA transcript of an 
LGR6 gene, 8) a non-wild type level of an LGR6-protein, 9) allelic loss of an LGR6 

30 gene, and 10) inappropriate post-translational modification of an LGR6-protein. As 
described herein, there are a large number of assays known in the art which can be used 
for detecting alterations in an LGR6 gene. A preferred biological sample is a tissue or 
serum sample isolated by conventional means from a subject. 
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In certain embodiments, detection of the alteration involves the use of a 
probe/primer in a polymerase chain reaction (PCR) (see, e.g. , U.S. Patent Nos. 
4,683,195 and 4,683,202), such as anchor PCR or RACE PCR, or, alternatively, in a 
ligation chain reaction (LCR) (see, e.g., Landegran et al (1988) Science 241:1077-1080; 
5 and Nakazawa et al. (1994) Proc. Natl. Acad. Sci. USA 91 :360-364), the latter of which 
can be particularly useful for detecting point mutations in the LGR6-gene (see Abravaya 
et al (1995) Nucleic Acids Res .23:675-682). This method can include the steps of 
collecting a sample of cells from a subject, isolating nucleic acid (e.g., genomic, mRNA 
or both) from the cells of the sample, contacting the nucleic acid sample with one or 

10 more primers which specifically hybridize to an LGR6 gene under conditions such that 
hybridization and amplification of the LGR6-gene (if present) occurs, and detecting the 
presence or absence of an amplification product, or detecting the size of the 
amplification product and comparing the length to a control sample. It is anticipated 
that PCR and/or LCR may be desirable to use as a preliminary amplification step in 

1 5 conjunction with any of the techniques used for detecting mutations described herein. 

Alternative amplification methods include: self sustained sequence replication 
(Guatelli, J.C. et al, (1990) Proc. Natl. Acad Set USA 87:1874-1878), transcriptional 
amplification system (Kwoh, D.Y. et al, (1989) Proc. Natl. Acad. Sci. USA 86:1 173- 
1 177), Q-Beta Replicase (Lizardi, P.M. et al. (1988) Bio-Technology 6:1 197), or any 

20 other nucleic acid amplification method, followed by the detection of the amplified 
molecules using techniques well known to those of skill in the art. These detection 
schemes are especially useful for the detection of nucleic acid molecules if such 
molecules are present in very low numbers. 

In an alternative embodiment, mutations in an LGR6 gene from a sample cell 

25 can be identified by alterations in restriction enzyme cleavage patterns. For example, 
sample and control DNA is isolated, amplified (optionally), digested with one or more 
restriction endonucleases, and fragment length sizes are determined by gel 
electrophoresis and compared. Differences in fragment length sizes between sample and 
control DNA indicates mutations in the sample DNA. Moreover, the use of sequence 

30 specific ribozymes (see, for example, U.S. Patent No. 5,498,531) can be used to score 
for the presence of specific mutations by development or loss of a ribozyme cleavage 
site. 
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In other embodiments, genetic mutations in LGR6 can be identified by 
hybridizing a sample and control nucleic acids, e.g., DNA or RNA, to high density 
arrays containing hundreds or thousands of oligonucleotides probes (Cronin, M.T. et al 
(1996) Human Mutation 7: 244-255; Kozal, M J. et al (1996) Nature Medicine 2: 753- 
5 759). For example, genetic mutations in LGR6 can be identified in two dimensional 
arrays containing light-generated DNA probes as described in Cronin, M.T. et al supra. 
Briefly, a first hybridization array of probes can be used to scan through long stretches 
of DNA in a sample and control to identify base changes between the sequences by 
making linear arrays of sequential overlapping probes. This step allows the 

10 identification of point mutations. This step is followed by a second hybridization array 
that allows the characterization of specific mutations by using smaller, specialized probe 
arrays complementary to all variants or mutations detected. Each mutation array is 
composed of parallel probe sets, one complementary to the wild-type gene and the other 
complementary to the mutant gene. 

15 In yet another embodiment, any of a variety of sequencing reactions known in 

the art can be used to directly sequence the LGR6 gene and detect mutations by 
comparing the sequence of the sample LGR6 with the corresponding wild-type (control) 
sequence. Examples of sequencing reactions include those based on techniques 
developed by Maxam and Gilbert ((1977) Proc. Natl Acad ScL USA 74:560) or Sanger 

20 ((1977) Proa Natl Acad ScL USA 74:5463). It is also contemplated that any of a 
variety of automated sequencing procedures can be utilized when performing the 
diagnostic assays ((1995) Biotechniques 19:448), including sequencing by mass 
spectrometry (see, e.g., PCT International Publication No. WO 94/16101; Cohen et al 
(1996) Adv. Chromatogr. 36:127-162; and Griffin et al (1993) Appl Biochem. 

25 Biotechnol 38:147-159). 

Other methods for detecting mutations in the LGR6 gene include methods in 
which protection from cleavage agents is used to detect mismatched bases in RNA/RNA 
or RNA/DNA heteroduplexes (Myers et al (1985) Science 230:1242). In general, the 
art technique of "mismatch cleavage" starts by providing heteroduplexes of formed by 

30 hybridizing (labeled) RNA or DNA containing the wild-type LGR6 sequence with 
potentially mutant RNA or DNA obtained from a tissue sample. The double-stranded 
duplexes are treated with an agent which cleaves single-stranded regions of the duplex 
such as which will exist due to basepair mismatches between the control and sample 
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strands. For instance, RNA/DNA duplexes can be treated with RNase and DNA/DNA 
hybrids treated with SI nuclease to enzymatically digesting the mismatched regions. In 
other embodiments, either DNA/DNA or RNA/DNA duplexes can be treated with 
hydroxylamine or osmium tetroxide and with piperidine in order to digest mismatched 
5 regions. After digestion of the mismatched regions, the resulting material is then 
separated by size on denaturing polyacrylamide gels to determine the site of mutation. 
See, for example, Cotton et al (1988) Proc. Natl Acad Sci USA 85:4397; Saleeba et al 
(1992) Methods Enzymol 217:286-295. In a preferred embodiment, the control DNA or 
RNA can be labeled for detection. 

10 In still another embodiment, the mismatch cleavage reaction employs one or 

more proteins that recognize mismatched base pairs in double-stranded DNA (so called 
"DNA mismatch repair" enzymes) in defined systems for detecting and mapping point 
mutations in LGR6 cDNAs obtained from samples of cells. For example, the mutY 
enzyme of E. coli cleaves A at G/A mismatches and the thymidine DNA glycosylase 

1 5 from HeLa cells cleaves T at G/T mismatches (Hsu et al (1 994) Carcinogenesis 

15:1657-1662). According to an exemplary embodiment, a probe based on an LGR6 
sequence, e.g., a wild-type LGR6 sequence, is hybridized to a cDNA or other DNA 
product from a test cell(s). The duplex is treated with a DNA mismatch repair enzyme, 
and the cleavage products, if any, can be detected from electrophoresis protocols or the 

20 like. See, for example, U.S. Patent No. 5,459,039. 

In other embodiments, alterations in electrophoretic mobility will be used to 
identify mutations in LGR6 genes. For example, single strand conformation 
polymorphism (SSCP) may be used to detect differences in electrophoretic mobility 
between mutant and wild type nucleic acids (Orita et al (1989) Proc Natl Acad. Sci 

25 USA: 86:2766, see also Cotton (1993) Mutat. Res. 285:125-144; and Hayashi (1992) 
Genet. Anal Tech. Appl 9:73-79). Single-stranded DNA fragments of sample and 
control LGR6 nucleic acids will be denatured and allowed to renature. The secondary 
structure of single-stranded nucleic acids varies according to sequence, the resulting 
alteration in electrophoretic mobility enables the detection of even a single base change. 

30 The DNA fragments may be labeled or detected with labeled probes. The sensitivity of 
the assay may be enhanced by using RNA (rather than DNA), in which the secondary 
structure is more sensitive to a change in sequence. In a preferred embodiment, the 
subject method utilizes heteroduplex analysis to separate double stranded heteroduplex 
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molecules on the basis of changes in electrophoretic mobility (Keen et al (1991) Trends 
Genet 7:5). 

In yet another embodiment the movement of mutant or wild-type fragments in 
polyacrylamide gels containing a gradient of denaturant is assayed using denaturing 
5 gradient gel electrophoresis (DGGE) (Myers et al (1985) Nature 313:495). When 

DGGE is used as the method of analysis, DNA will be modified to insure that it does not 
completely denature, for example by adding a GC clamp of approximately 40 bp of 
high-melting GC-rich DNA by PCR. In a further embodiment, a temperature gradient is 
used in place of a denaturing gradient to identify differences in the mobility of control 

10 and sample DNA (Rosenbaum and Reissner (1987) Biophys Chem 265:12753). 

Examples of other techniques for detecting point mutations include, but are not 
limited to, selective oligonucleotide hybridization, selective amplification, or selective 
primer extension. For example, oligonucleotide primers may be prepared in which the 
known mutation is placed centrally and then hybridized to target DNA under conditions 

15 which permit hybridization only if a perfect match is found (Saiki et al (1986) Nature 
324:163); Saiki et al (1989) Proc. Natl Acad Sci USA 86:6230). Such allele specific 
oligonucleotides are hybridized to PCR amplified target DNA or a number of different 
mutations when the oligonucleotides are attached to the hybridizing membrane and 
hybridized with labeled target DNA. 

20 Alternatively, allele specific amplification technology which depends on selective 

PCR amplification may be used in conjunction with the instant invention. 
Oligonucleotides used as primers for specific amplification may carry the mutation of 
interest in the center of the molecule (so that amplification depends on differential 
hybridization) (Gibbs et al (1989) Nucleic Acids Res. 17:2437-2448) or at the extreme 3' 

25 end of one primer where, under appropriate conditions, mismatch can prevent, or reduce 
polymerase extension (Prossner (1993) Tibtech 1 1 :238). In addition it may be desirable 
to introduce a novel restriction site in the region of the mutation to create cleavage-based 
detection (Gasparini et al (1992) Mol Cell Probes 6:1). It is anticipated that in certain 
embodiments amplification may also be performed using Taq ligase for amplification 

30 (Barany (1991) Proc. Natl Acad. Sci USA 88:1 89). In such cases, ligation will occur 
only if there is a perfect match at the 3' end of the 5 f sequence making it possible to detect 
the presence of a known mutation at a specific site by looking for the presence or absence 
of amplification. 
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The methods described herein may be performed, for example, by utilizing pre- 
packaged diagnostic kits comprising at least one probe nucleic acid or antibody reagent 
described herein, which may be conveniently used, e.g., in clinical settings to diagnose 
patients exhibiting symptoms or family history of a disease or illness involving an LGR6 
5 gene. 

Furthermore, any cell type or tissue in which LGR6 is expressed may be utilized 
in the prognostic assays described herein. 

3. Monitoring of Effects During Clinical Trials 

1 0 Monitoring the influence of agents (e.g. , drugs) on the expression or activity of 

an LGR6 protein (e.g., the modulation of membrane excitability or resting potential) can 
be applied not only in basic drug screening, but also in clinical trials. For example, the 
effectiveness of an agent determined by a screening assay as described herein to increase 
LGR6 gene expression, protein levels, or upregulate LGR6 activity, can be monitored in 

1 5 clinical trials of subjects exhibiting decreased LGR6 gene expression, protein levels, or 
downregulated LGR6 activity. Alternatively, the effectiveness of an agent determined 
by a screening assay to decrease LGR6 gene expression, protein levels, or downregulate 
LGR6 activity, can be monitored in clinical trials of subjects exhibiting increased LGR6 
gene expression, protein levels, or upregulated LGR6 activity. In such clinical trials, the 

20 expression or activity of an LGR6 gene, and preferably, other genes that have been 
implicated in, for example, an LGR6-associated disorder can be used as a "read out" or 
markers of the phenotype of a particular cell. 

For example, and not by way of limitation, genes, including LGR6, that are 
modulated in cells by treatment with an agent (e.g., compound, drug or small molecule) 

25 which modulates LGR6 activity (e.g., identified in a screening assay as described 
herein) can be identified. Thus, to study the effect of agents on LGR6-associated 
disorders, for example, in a clinical trial, cells can be isolated and RNA prepared and 
analyzed for the levels of expression of LGR6 and other genes implicated in the LGR6- 
mediated disorder, respectively. The levels of gene expression (e.g., a gene expression 

30 pattern) can be quantified by northern blot analysis or RT-PCR, as described herein, or 
alternatively by measuring the amount of protein produced, by one of the methods as 
described herein, or by measuring the levels of activity of LGR6 or other genes. In this 
way, the gene expression pattern can serve as a marker, indicative of the physiological 
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response of the cells to the agent. Accordingly, this response state may be determined 
before, and at various points during treatment of the individual with the agent. 

In a preferred embodiment, the present invention provides a method for 
monitoring the effectiveness of treatment of a subject with an agent (e.g., an agonist, 
5 antagonist, peptidomimetic, protein, peptide, nucleic acid, small molecule, or other drug 
candidate identified by the screening assays described herein) including the steps of (i) 
obtaining a pre-administration sample from a subject prior to administration of the. 
agent; (ii) detecting the level of expression of an LGR6 protein, mRNA, or genomic 
DNA in the preadministration sample; (iii) obtaining one or more post-administration 

10 samples from the subject; (iv) detecting the level of expression or activity of the LGR6 
protein, mRNA, or genomic DNA in the post-administration samples; (v) comparing the 
level of expression or activity of the LGR6 protein, mRNA, or genomic DNA in the pre- 
administration sample with the LGR6 protein, mRNA, or genomic DNA in the post 
administration sample or samples; and (vi) altering the administration of the agent to the 

15 subject accordingly. For example, increased administration of the agent may be 

desirable to increase the expression or activity of LGR6 to higher levels than detected, 
i.e., to increase the effectiveness of the agent Alternatively, decreased administration of 
the agent may be desirable to decrease expression or activity of LGR6 to lower levels 
than detected, i.e. to decrease the effectiveness of the agent. According to such an 

20 embodiment, LGR6 expression or activity may be used as an indicator of the 

effectiveness of an agent, even in the absence of an observable phenotypic response. 

C. Methods of Treatment : 

The present invention provides for both prophylactic and therapeutic methods of 
25 treating a subject at risk of (or susceptible to) a disorder or having a disorder associated 
with aberrant LGR6 expression or activity. With regards to both prophylactic and 
therapeutic methods of treatment, such treatments may be specifically tailored or 
modified, based on knowledge obtained from the field of pharmacogenomics. 
"Pharmacogenomics", as used herein, refers to the application of genomics technologies 
30 such as gene sequencing, statistical genetics, and gene expression analysis to drugs in 
clinical development and on the market. More specifically, the term refers the study of 
how a patient's genes determine his or her response to a drug (e.g., a patient's "drug 
response phenotype", or "drug response genotype".) Thus, another aspect of the 
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invention provides methods for tailoring an individual's prophylactic or therapeutic 
treatment with either the LGR6 molecules of the present invention or LGR6 modulators 
according to that individual's drug response genotype. Pharmacogenomics allows a 
clinician or physician to target prophylactic or therapeutic treatments to patients who 
5 will most benefit from the treatment and to avoid treatment of patients who will 
experience toxic drug-related side effects. 

1. Prophylactic Methods 

In one aspect, the invention provides a method for preventing in a subject, a 
10 disease or condition associated with an aberrant LGR6 expression or activity, by 

administering to the subject an LGR6 or an agent which modulates LGR6 expression or 
at least one LGR6 activity. Subjects at risk for a disease which is caused or contributed 
to by aberrant LGR6 expression or activity can be identified by, for example, any or a 
combination of diagnostic or prognostic assays as described herein. Administration of a 
1 5 prophylactic agent can occur prior to the manifestation of symptoms characteristic of the 
LGR6 aberrancy, such that a disease or disorder is prevented or, alternatively, delayed in 
its progression. Depending on the type of LGR6 aberrancy, for example, an LGR6, 
LGR6 agonist or LGR6 antagonist agent can be used for treating the subject. The 
appropriate agent can be determined based on screening assays described herein. 

20 

2. Therapeutic Methods 

Another aspect of the invention pertains to methods of modulating LGR6 
expression or activity for therapeutic purposes. Accordingly, in an exemplary 
embodiment, the modulatory method of the invention involves contacting a cell with an 

25 LGR6 or agent that modulates one or more of the activities of LGR6 protein activity 
associated with the cell. An agent that modulates LGR6 protein activity can be an agent 
as described herein, such as a nucleic acid or a protein, a naturally-occurring target 
molecule of an LGR6 protein (e.g., an LGR6 substrate), an LGR6 antibody, an LGR6 
agonist or antagonist, a peptidomimetic of an GPCR agonist or antagonist, or other small 

30 molecule. In one embodiment, the agent stimulates one or more LGR6 activities. 
Examples of such stimulatory agents include active LGR6 protein and a nucleic acid 
molecule encoding LGR6 that has been introduced into the cell. In another 
embodiment, the agent inhibits one or more LGR6 activities. Examples of such 
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inhibitory agents include antisense LGR6 nucleic acid molecules, anti-LGR6 antibodies, 
and LGR6 inhibitors. These modulatory methods can be performed in vitro (e.g., by 
culturing the cell with the agent) or, alternatively, in vivo (e.g., by administering the 
agent to a subject). As such, the present invention provides methods of treating an 
5 individual afflicted with a disease or disorder characterized by aberrant expression or 
activity of an LGR6 protein or nucleic acid molecule. In one embodiment, the method 
involves administering an agent (e.g., an agent identified by a screening assay described 
herein), or combination of agents that modulates (e.g., upregulates or downregulates) 
LGR6 expression or activity. In another embodiment, the method involves 

10 administering an LGR6 protein or nucleic acid molecule as therapy to compensate for 
reduced or aberrant LGR6 expression or activity. 

A preferred embodiment of the present invention involves a method for 
treatment of an LGR6 associated disease or disorder which includes the step of 
administering a therapeutically effective amount of an LGR6 antibody to a subject. As 

1 5 defined herein, a therapeutically effective amount of antibody (i. e. , an effective dosage) 
ranges from about 0.001 to 30 mg/kg body weight, preferably about 0.01 to 25 mg/kg 
body weight, more preferably about 0.1 to 20 mg/kg body weight, and even more 
preferably about 1 to 10 mg/kg, 2 to 9 mg/kg, 3 to 8 mg/kg, 4 to 7 mg/kg, or 5 to 6 
mg/kg body weight. The skilled artisan will appreciate that certain factors may 

20 influence the dosage required to effectively treat a subject, including but not limited to 
the severity of the disease or disorder, previous treatments, the general health and/or age 
of the subject, and other diseases present. Moreover, treatment of a subject with a 
therapeutically effective amount of an antibody can include a single treatment or, 
preferably, can include a series of treatments. In a preferred example, a subject is 

25 treated with antibody in the range of between about 0.1 to 20 mg/kg body weight, one 
time per week for between about 1 to 10 weeks, preferably between 2 to 8 weeks, more 
preferably between about 3 to 7 weeks, and even more preferably for about 4, 5, or 6 
weeks. It will also be appreciated that the effective dosage of antibody used for 
treatment may increase or decrease over the course of a particular treatment. Changes in 

30 dosage may result from the results of diagnostic assays as described herein. 

Stimulation of LGR6 activity is desirable in situations in which LGR6 is 
abnormally downregulated and/or in which increased LGR6 activity is likely to have a 
beneficial effect. For example, stimulation of LGR6 activity is desirable in situations in 
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which an LGR6 is downregulated and/or in which increased LGR6 activity is likely to 
have a beneficial effect. Likewise, inhibition of LGR6 activity is desirable in situations 
in which LGR6 is abnormally upregulated and/or in which decreased LGR6 activity is 
likely to have a beneficial effect 

5 

3. Pharmacogenomics 

The LGR6 molecules of the present invention, as well as agents, or modulators 
which have a stimulatory or inhibitory effect on LGR6 activity (e.g., LGR6 gene 
expression) as identified by a screening assay described herein can be administered to 

10 individuals to treat (prophylactically or therapeutically) LGR6 associated disorders (e.g, 
a weight disorder, e.g., obesity, cachexia, anorexia; a cardiovascular disorder, e.g., 
atherosclerosis, ischaemia reperfusion injury, cardiac hypertrophy, hypertension, 
coronary artery disease, myocardial infarction, arrythmia, cardiomyopathies, and 
congestive heart failure; a neural disorder, e.g., a CNS disorder; or an endocrine 

1 5 disorder) associated with aberrant LGR6 activity. In conjunction with such treatment, 
pharmacogenomics (i.e., the study of the relationship between an individual's genotype 
and that individual's response to a foreign compound or drug) may be considered. 
Differences in metabolism of therapeutics can lead to severe toxicity or therapeutic 
failure by altering the relation between dose and blood concentration of the 

20 pharmacologically active drug. Thus, a physician or clinician may consider applying 
knowledge obtained in relevant pharmacogenomics studies in determining whether to 
administer an LGR6 molecule or LGR6 modulator as well as tailoring the dosage and/or 
therapeutic regimen of treatment with an LGR6 molecule or LGR6 modulator. 

Pharmacogenomics deals with clinically significant hereditary variations in the 

25 response to drugs due to altered drug disposition and abnormal action in affected 

persons. See, for example, Eichelbaum, M. etal (1996) Clin. Exp. Pharmacol Physiol 
23(10-11) :983-985 andLinder, M.W. etal (1997) Clin. Chem. 43(2):254-266. In 
general, two types of pharmacogenetic conditions can be differentiated. Genetic 
conditions transmitted as a single factor altering the way drugs act on the body (altered 

30 drug action) or genetic conditions transmitted as single factors altering the way the body 
acts on drugs (altered drug metabolism). These pharmacogenetic conditions can occur 
either as rare genetic defects or as naturally-occurring polymorphisms. For example, 
glucose-6-phosphate dehydrogenase deficiency (G6PD) is a common inherited 
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enzymopathy in which the main clinical complication is haemolysis after ingestion of 
oxidant drugs (anti-malarials, sulfonamides, analgesics, nitrofurans) and consumption of 
fava beans. 

One pharmacogenomics approach to identifying genes that predict drug 
5 response, known as "a genome-wide association", relies primarily on a high-resolution 
map of the human genome consisting of already known gene-related markers (e.g., a 
"bi-allelic" gene marker map which consists of 60,000-100,000 polymorphic or variable 
sites on the human genome, each of which has two variants.) Such a high-resolution 
genetic map can be compared to a map of the genome of each of a statistically 

10 significant number of patients taking part in a Phase II/TH drug trial to identify markers 
associated with a particular observed drug response or side effect. Alternatively, such a 
high resolution map can be generated from a combination of some ten-million known 
single nucleotide polymorphisms (SNPs) in the human genome. As used herein, a 
"SNP" is a common alteration that occurs in a single nucleotide base in a stretch of 

1 5 DNA. For example, a SNP may occur once per every 1 000 bases of DNA. A SNP may 
be involved in a disease process, however, the vast majority may not be disease- 
associated. Given a genetic map based on the occurrence of such SNPs, individuals can 
be grouped into genetic categories depending on a particular pattern of SNPs in their 
individual genome. In such a manner, treatment regimens can be tailored to groups of 

20 genetically similar individuals, taking into account traits that may be common among 
such genetically similar individuals. 

Alternatively, a method termed the "candidate gene approach", can be utilized to 
identify genes that predict drug response. According to this method, if a gene that 
encodes a drugs target is known (e.g., an LGR6 protein of the present invention), all 

25 common variants of that gene can be fairly easily identified in the population and it can 
be determined if having one version of the gene versus another is associated with a 
particular drug response. 

As an illustrative embodiment, the activity of drug metabolizing enzymes is a 
major determinant of both the intensity and duration of drug action. The discovery of 

30 genetic polymorphisms of drug metabolizing enzymes (e.g., N-acetyltransferase 2 (NAT 
2) and cytochrome P450 enzymes CYP2D6 and CYP2C19) has provided an explanation 
as to why some patients do not obtain the expected drug effects or show exaggerated 
drug response and serious toxicity after taking the standard and safe dose of a drug. 
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These polymorphisms are expressed in two phenotypes in the population, the extensive 
metabolizer (EM) and poor metabolizer (PM). The prevalence of PM is different among 
different populations. For example, the gene coding for CYP2D6 is highly polymorphic 
and several mutations have been identified in PM, which all lead to the absence of 
5 functional CYP2D6. Poor metabolizers of CYP2D6 and CYP2C1 9 quite frequently 
experience exaggerated drug response and side effects when they receive standard 
doses. If a metabolite is the active therapeutic moiety, PM show no therapeutic 
response, as demonstrated for the analgesic effect of codeine mediated by its CYP2D6- 
fonned metabolite morphine. The other extreme are the so called ultra-rapid 

1 0 metabolizers who do not respond to standard doses. Recently, the molecular basis of 
ultra-rapid metabolism has been identified to be due to CYP2D6 gene amplification. 

Alternatively, a method termed the "gene expression profiling", can be utilized to 
identify genes that predict drug response. For example, the gene expression of an 
animal dosed with a drug (e.g., an LGR6 molecule or LGR6 modulator of the present 

1 5 invention) can give an indication whether gene pathways related to toxicity have been 
turned on. 

Information generated from more than one of the above pharmacogenomics 
approaches can be used to determine appropriate dosage and treatment regimens for 
prophylactic or therapeutic treatment an individual. This knowledge, when applied to 

20 dosing or drug selection, can avoid adverse reactions or therapeutic failure and thus 
enhance therapeutic or prophylactic efficiency when treating a subject with an LGR6 
molecule or LGR6 modulator, such as a modulator identified by one of the exemplary 
screening assays described herein. 

This invention is further illustrated by the following examples which should not 

25 be construed as limiting. The contents of the figures, the sequence listing, and all 
references, patents and published patent applications cited throughout this application 
are incorporated herein by reference. 



30 



EXAMPLES 

Example 1; Identification And Characterization of LGR6 cDNAs 
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Inthis example, the identification and characterization of the cDNAs encoding 
mouse LGR6 (clone ftmzb048hl0) and human LGR6 (clone fahr) are described. 

Isolation of the mouse and human LGR6 cDNAs 
5 The invention is based, at least in part, on the discovery of a mouse nucleic acid 

molecule and human nucleic acid molecule encoding novel LGR6 polypeptides, also 
referred to herein by the clone designation ftmzb048hl0 and human fahr, respectively 
(and collectively referred to as LGR6). 

The mouse LGR6 gene (ftmzb048hl0) was isolated from a cDNA library which 

1 0 was prepared from mouse brain. Briefly, mRN A was isolated from mouse brain and a 
cDNA library was prepared therefrom using art known methods (described in, for 
example, Molecular Cloning A Laboratory Manual, 2nd Ed., ed. by Sambrook, Fritsch 
and Maniatis (Cold Spring Harbor Laboratory Press: 1989). Using a program which 
identifies the presence of signal peptides (Nielsen, H. et al (1997) Protein Engineering 

15 10:1 -6), one positive clone was isolated. 

The sequence of the entire clone was determined and found to contain a 
methionine-initiated open reading frame of about 967 amino acids. Signal peptide 
algorithms predict that mouse LGR6 (ftmzb048hl0) contains a signal peptide (about 
amino acids 1-23 of SEQ ID NO:2). The mature protein is approximately 943 amino 

20 acid residues in length (from about amino acid 24 to amino acid 967 of SEQ ID NO:2). 
The nucleotide sequence encoding the mouse LGR6 (ftmzb048hl0) precursor protein is 
shown in Figure 1 and is set forth as SEQ ID NO:l . The full length protein encoded by 
this nucleic acid comprises about 967 amino acids and has the amino acid sequence 
shown in Figure 1 and set forth as SEQ ID NO:2. The coding region (open reading 

25 frame) of SEQ ID NO:l is set forth in SEQ ID NO:3. 

Based on the mouse flmzb048hl0 sequence, primers were designed and used to 
screen a human brain library (obtained from Clonetech). Positive human clones were 
identified. Subsequently, 5* RACE PCR was used to obtain a partial nucleotide 
sequence shown in Figure 4 and set forth as SEQ ID NO:4. The protein encoded by this 

30 nucleic acid comprises about 633 amino acids and has the amino acid sequence shown 
in Figure 5 and set forth as SEQ ID NO:5. The coding region (open reading frame) of 
SEQ ID NO:4 is set forth in SEQ ID NO:6. Further DNA sequence analysis of the 
human fahr clone was used to identify additional nucleotide sequences encoding LGR6, 
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as shown in Figure 8 and set forth as SEQ ID NO:7. The protein encoded by this 
nucleic acid comprises about 736 amino acids and has the amino acid sequence shown 
in Figure 8 and set forth as SEQ ID NO:8. The coding region (open reading frame) of 
SEQ ID NO:7 is set forth in SEQ ID NO:9. 
5 Further DNA sequence analysis of the human fahr clone was used to identify the 

full length nucleotide sequences encoding human LGR6, as shown in Figure 14 and set 
forth as SEQ ID NO: 10. The protein encoded by this nucleic acid comprises about 967 
amino acids and has the amino acid sequence shown in Figure 15 and set forth as SEQ 
ID NO: 1 1 . The coding region (open reading frame) of SEQ ID NO: 1 0 is set forth in 
10 SEQIDNO:12. 



Analysis of mouse LGR6 (ftmzb048hl0) Nucleic Acid and Protein 

A BLASTP 1.4.9MP-WashU search, using a score of 100 and a word length of 3 
(Gish, W. and DJ. States (1993) Nat. Genet 3:266-272; Altschul et al (1990) J. Mol 

15 Biol 215:403) of the amino acid sequence of mouse LGR6 revealed that LGR6 shares 
some similarity with the following G-protein coupled receptors: Human HG38 
(Accession No. AF062006, Genbank Accession Number 424098) (McDonald, T. et al 
(1998) Biochem. andBiophys. Res. Comm.. 247: 266-270), and rat LGR5 (Accession 
No. AF061444) and LGR4 (Accession No. AF061443) (Hsu, S.Y. et al (1998) Mol 

20 Endo. 12(12): 1830-1845). 

The amino acid sequences of human HG38 and rat LGR5 are almost identical 
except for two amino acids in the N-terminal domain. The percentages of local identity 
between mouse LGR6 and HG38 revealed 65%, 61% and 59% identity over translated 
nucleotides 357-1718, 1824-1988 and 2388-2735, respectively, of SEQ ID NO:l. The 

25 percentages of local identity were estimated using the BLASTP program. At the amino 
acid level, LGR6 is about 65% identical to LGR5 at the ligand binding domain 
(approximately first 560 amino acids) and 49% identical at the 7 th transmembrane 
domain. Therefore, the LGR6 and LGR5 proteins are likely to share the same ligand. In 
addition, the LGR family (LGR6, LGR5 and LGR4) are structurally related to the 

30 glycoprotein receptor family including the receptors for LH, FSH and TSH. These 
molecules share a large N-tenninal extracellular (ecto-) domain containing leucine-rich 
repeats which are believed to be important for mediating interactions with glycoprotein 
ligands. The ectodomain of LGR6 contains sixteen leucine-rich repeats compared to 
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nine repeats found in known glycoprotein hormone receptors. LGR6 shares an overall 
identity of 35% with the FSH, TSH and LH receptors. 

In addition, a Hidden Markov Model ("HMM") search (HMMER 2.1) of the 
amino acid sequence of mouse LGR6 (ftmzb048hl0) (SEQ ID NO:2) identified eight 
5 repeats ((Accession No. PF00560) with a score of 303.4 (E-value 2.3e-17)), each one 
containing two leucine-rich repeats of about 22 to 25 amino acids in length for a total of 
sixteen leucine-rich repeats located at about amino acids 67-90, 91-1 14, 1 15-138, 139- 
162, 163-186, 187-210, 211-234, 235-257, 258-281, 282-305, 306-329, 330-352, 353- 
375, 376-398, 399-422 and 423-446 of SEQ ID NO:2 (Figure 2). The ectodomains of 

10 LGR4 and LGR5 (almost identical to HG38) receptors contain 17 leucine-rich repeats 
together withN- and C-terminal flanking cysteine-rich sequences, compared with 9 
repeats found in known glycoprotein hormone receptors (Hsu, S.Y. et al (1998) supra). 

Mouse LGR6 is further predicted to contain the following domains: one long 
extracellular domain located at about amino acid residues 1-563 of SEQ ID NO:2; one 

1 5 RGD cell attachment site is located at about amino acid residues 760-762 of SEQ ID 
NO:2; seven transmembrane domains which extend from about amino acid 564 
(extracellular end) to about amino acid 590 (cytoplasmic end) of SEQ ID NO:2; from 
about amino acid 598 (cytoplasmic end) to about amino acid 620 (extracellular end) of 
SEQ ID NO:2; from about amino acid 645 (extracellular end) to about amino acid 669 

20 (cytoplasmic end) of SEQ ID NO:2; from about amino acid 684 (cytoplasmic end) to 
about amino acid 704 (extracellular); from about amino acid 731 (extracellular end) to 
about amino acid 751 (cytoplasmic end); from about amino acid 773 (cytoplasmic end) 
to about amino acid 798 (extracellular end); from about amino acid 812 (extracellular 
end) to about amino acid 834 (cytoplasmic end); three cytoplasmic loops found at about 

25 amino acids 591-597, 670-683, and 752-772 of SEQ ID NO:2; three extracellular loops 
found at about amino acid 621-644, 705-730 and 799-81 1 of SEQ ID NO:2; and a C- 
terminal cytoplasmic domain is found at about amino acid residues 835 to 968 of SEQ 
ID NO:2. 

The mouse LGR6 protein additionally contains seven predicted protein kinase C 
30 phosphorylation sites (PS00005) from amino acids 19-21, 115-117, 142-144, 163-165, 
420-422, 685-687 and 844-846 of SEQ ID NO:2; five casein kinase II phosphorylation 
. sites (PS00006) from amino acids acids 328-331, 707-710, 862-865, 874-877 and 910- 
913 of SEQ ID NO:2; one tyrosine kinase phosphorylation site (PS00007) from amino 
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acid 469-475 of SEQ ID NO:2; twenty-one N-myristoylation sites (PS00008) from 
amino acids 45-50, 99-104, 107-112, 380-385, 398-403, 483-488, 493-498, 513-518, 
533-538, 563-568, 602-607, 612-617, 641-646, 652-657, 684-689, 698-703, 886-891, 
922-927, 942-947, 949-954 and 960-965 of SEQ ED NO:2; two N-glycosylation sites 
5 from about amino acids 77-80 and 208-21 1 of SEQ ID NO:2; and one 

glycosaminoglycan attachment site from about amino acids 638-641 of SEQ ID NO:2. 

A BLASTN 1 .4.9MP-WashU search, using a score of 1 00 and a word length of 
12 (Altschul et al (1990) 1 Mol Biol 215:403) of the nucleotide sequence of mouse 
LGR6 (ftmzb048hl0) revealed local sequence identity in the range of 63-66% between 
10 the mouse LGR6 (ftmzb048hl0) nucleotide sequence and the nucleotide sequences in 
HG38 and LGR5 over nucleotides 348-1708, 1848-1981, 2306-2379 and 2399-2734 of 
SEQ ID NO: 1. 

Analysis of human LGR6 (Fbhl50881) Nucleic Acid and Protein 
15 A local alignment of the amino acid sequence of mouse LGR6 (ftmzb048hl 0) 

and human LGR6 (Fbhl 50881) revealed significant identity between the mouse and the 
human sequences. For example, a local alignment of mouse LGR6 protein with the 
human LGR6 protein using the the GAP program in the GCG software package, using a 
Blossum 62 matrix and a gap weight of 12 and a length weight of 4, showed a 89.855% 
20 identity between SEQ ID NO:2 (mouse LGR6) and SEQ ID NO: 1 1 (human LGR6) (see 
Figure 16). 

A Hidden Markov Model ("HMM") search (HMMER 2.1) of the amino acid 
sequence of human LGR6 (15088) (SEQ ID NO:l 1) identified amino acids residues 67 
to 90, 91 to 114, 115 to 138, 139 to 162, 163 to 186, 187 to 210, 211 to 234, 235 to 257, 

25 258 to 281, 282 to 305, 306 to 329, 330 to 352, 353 to 375, 376 to 398, 399 to 422 and 
423 to 446 of SEQ ID NO:l 1 as matching the HMM for leucine-rich repeats (Accession 
No. PF00560). (see Figures 15). 

The amino acid sequence of human LGR6 was analyzed using the program 
PSORT (http://www. psort.nibb.ac.jp) to predict the localization of the proteins within 

30 the cell. This program assesses the presence of different targeting and localization 

amino acid sequences within the query sequence. The results of the analyses show that 
human LGR6 (SEQ ID NO:l 1) may be localized to the endoplasmic reticulum, to the 
mitochondrian, to the Golgi, or to secretory vesicles. The results of the analyses further 
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show that human LGR6 (SEQ ID NO:l 1) also includes an amino-terminal hydrophobic 
amino acid sequence, consistent with a signal sequence, of about 25 amino acids (from 
amino acid 1 to about amino acid 25 of SEQ ID NO: 1 1), which upon protease removal 
results in the production of the mature protein. The mature protein is approximately 943 
5 amino acid residues in length (from about amino acid 25 to amino acid 968 of SEQ ID 
NO:ll). 

The human LGR6 (1 5088) additiohnally contains one RGD cell attachment site 
which is located at about amino acid residues 760-762 of SEQ ID NO: 1 1 ; six 
transmembrane domains which extend from about amino acid 566 (extracellular end) to 

1 0 about amino acid 590 (cytoplasmic end) of SEQ ID NO: 1 1 ; from about amino acid 599 
(cytoplasmic end) to about amino acid 621 (extracellular end) of SEQ ID NO:l 1; from 
about amino acid 646 (extracellular end) to about amino acid 665 (cytoplasmic end) of 
SEQ ID NO:l 1 ; from about amino acid 688 (cytoplasmic end) to about amino acid 709 
(extracellular end) of SEQ ID NO:l 1; from about amino acid 728 (extracellular end) to 

1 5 about amino acid 752 (cytoplasmic end) of SEQ ID NO: 1 1 ; and from about amino acid 
777 (cytoplasmic end) to about amino acid 801 (extracellular end) of SEQ ID NO: 1 1 . 
(see Figure 15). 

The human LGR6 protein (clone 1 5088) additionally contains six predicted 
protein kinase C phosphorylation sites (PS00005) from amino acids 19-21, 115-117, 

20 142-144, 163-165, 507-509 and 685-687 of SEQ ID NO:l 1; four casein kinase II 

phosphorylation sites (PS00006) from amino acids acids 328-331, 707-710, 862-865 and 
874-877of SEQ ID NO:l 1; two tyrosine kinase phosphorylation sites (PS00007) from 
amino acid 469-475 and 517-523 of SEQ ID NO:2; nineteen N-myristoylation sites 
(PS00008) from amino acids amino acids 45-50, 99-104, 107-1 12, 127-132, 380-385, 

25 483-488, 493-498, 563-568, 602-607, 612-617, 641-646, 652-657, 684-689, 698-703, 
725-730, 922-927942-947, 948-953 and 960-965 of SEQ ID NO: 1 1 ; two N- 
glycosylation sites from about amino acids 77-80 and 208-21 1 of SEQ ID NO:l 1 ; and 
one glycosaminoglycan attachment site from about amino acids 951-954 of SEQ ID 
NO:l 1; three prokaryotic membra lipoprotein lipid attachment sitees from about amino 

30 acids 605-615, 663-673 and 894-904; one leucine zipper pattern from about amino acid 
57-78; and one C-terminal targeting signal from about amino acid 965-968. 

To identify the presence of an aldehyde dehydrogenase oxidoreductase domain 
in a LGR6 protein, and to make the determination that a protein of interest has a 
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particular profile, the amino acid sequence of the protein is searched against a database 
of known protein domains (e.g., the ProDom database) using the default parameters 
(available at http://www.toulouse.inra.fr/prodom.html). A search was performed against 
the ProDom database resulting in the identification of an aldehyde dehydrogenase 
5 oxidoreductase domain in the amino acid sequence of human LGR6 (SEQ ID NO: 1 1). 
The results of the search show that the human LGR6 protein (SEQ ID NO: 1 1) has one 
Glycoprotein EGF-like Domain from about amino acids 70-433 of SEQ ID NO: 1 1 ; a 
signal glycoprotein precursor domain at about amino acid residues 535 to 571 and also 
shares homologous domains with LGR4 and LGR5 at about amino acids 105-336 and 

10 591-666. 

Analysis of human LGR6 (fahr) Nucleic Acid and Protein 

A local alignment of the amino acid sequence of mouse LGR6 (ftmzb048hl0) 
and human LGR6 (fahr) revealed significant identity between the mouse and the human 

15 sequences. For example, an 87.9% identity in an amino acid overlap corresponding to 
amino acids 370 to 967 of ftmzb048hl0 (SEQ ID NO:2) and 30 to 636 of human fahr 
(SEQ ID NO:5) was revealed (FASTA Search, version 2.0u53 July 1996 with a Smith- 
Waterman score of 2657; Pearson, W.R. and Lipman, D.J. (1988) Proc. Natl Acad. Sci. 
USA 85: 2444-2448). In addition, an alignment of the nucleotide sequence, using a 

20 Smith-Waterman score of 9593, revealed a 76.9% identity in a 2493 overlap 

corresponding to nucleotides 1 170 to 2485 of mouse ftmzb048hl0 (SEQ ID NO:l) and 
nucleotides 9 to 2486 of human fahr (SEQ ID NO:4). 

A local alignment of mouse LGR6 protein with the human LGR6 protein using 
the the GAP program in the GCG software package, using a Blossum 62 matrix and a 

25 gap weight of 1 2 and a length weight of 4, showed a 89.28 1 % identity between the two 
sequences in an amino acid overlap corresponding to residues 201 to 968 of 
• ftmzb048hl0 (SEQ ID NO:2) and residuesl to 737 of human fahr (SEQ ID NO:8) (see 
Figure 13). Futhermore, a local alignment of the mouse LGR6 nucleic acid sequence 
with the human LGR6 nucleic acid sequence using the the GAP program in the GCG 

30 software package, using a nwsgapdna matrix, a gap weight of 12 and a length weight of 
4 showed a 84.21 1% identity between the two sequences, in an overlap corresponding to 
nucleotides 901 to 3637 of mouse ftmzb048hl0 (SEQ ID NO:l) and nucleotides 1 to 
271 1 of human fahr (SEQ ID NO:7) (see Figure 12). 
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A Hidden Markov Model ("HMM") search (HMMER 2.1) of the amino acid 
sequence of human LGR6 (fahr) (SEQ ID NO:5) identified amino acids 64-87 and 88- 
1 1 1 of SEQ ID NO:5 as matching the HMM for leucine-rich repeats (Accession No. 
PF00560) with a score of 51.0 (E-value 2.6e-l 1) (Figure 6). The domain identified 
5 corresponds to two consecutive leucine-rich repeats. Leucine rich repeats were also 
identified at amino acid residues 4-26, 27-50, 51-74, 75-97, 98-121, 122-143, 144-167, 
168-191, and 192-215 of SEQ ID NO:8 (see Figures 10 and 11). 

Human LGR6 (fahr) protein is further predicted to contain the following sites: 
one RGD cell attachment site is located at about amino acid residues 425-467 of SEQ ID 

10 NO:5, and amino acid residues 529-53 1 of SEQ ID NO:8; seven transmembrane 
domains which extend from about amino acid 230 (extracellular end) to about amino 
acid 256 (cytoplasmic end) of SEQ ID NO:5; from about amino acid 264 (cytoplasmic 
end) to about amino acid 286 (extracellular end) of SEQ ID NO:5; from about amino 
acid 311 (extracellular end) to about amino acid 336 (cytoplasmic end) of SEQ ID 

15 NO:5; from about amino acid 350 (cytoplasmic end) to about amino acid 370 

(extracellular end) of SEQ ID NO: 5; from about amino acid 397 (extracellular end) to 
about amino acid 417 (cytoplasmic end) of SEQ ID NO:5; from about amino acid 440 
(cytoplasmic end) to about amino acid 464 (extracellular end) of SEQ ID NO: 5; from 
about amino acid 478 (extracellular end) to about amino acid 500 (cytoplasmic end), and 

20 from about amino acid 333 (extracellular end) to about amino acid 359 (cytoplasmic 
end) of SEQ ID NO:8; from about amino acid 367 (cytoplasmic end) to about amino 
acid 389 (extracellular end) of SEQ ID NO:8; from about amino acid 414 (extracellular 
end) to about amino acid 439 (cytoplasmic end) of SEQ ID NO:8; from about amino 
acid 453 (cytoplasmic end) to about amino acid 473 (extracellular end) of SEQ ID 

25 NO:8; from about amino acid 500 (extracellular end) to about amino acid 520 

(cytoplasmic end) of SEQ ID NO:8; from about amino acid 543 (cytoplasmic end) to 
about amino acid 567 (extracellular end) of SEQ ID NO:8; and from about amino acid 
581 (extracellular end) to about amino acid 603 (cytoplasmic end) of SEQ ID NO:8; 
three cytoplasmic loops found at about amino acids 257-263, 337-349 and 418-439 of 

30 SEQ ID NO:5, and amino acids 360-366, 440-452 and 521-542 of SEQ ID NO:8; three 
extracellular loops found at about amino acid 287-310, 371-396 and 465-477 of SEQ ID 
NO:5, and amino acid residues 390-413, 474-499 and 568-580 of SEQ ID NO:8; and a 
C-terminal cytoplasmic domain is found at about amino acid residues 501 to 633 of SEQ 
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ID NO:5, and amino acid residues 604-736 of SEQ ID NO:8. The human LGR6 protein 
additionally contains two 7 tm_l domains at about amino acid residues 404-431 and 
553-596 of SEQ ID NO:8 (see Figure 10). 

The human LGR6 (fahr) protein additionally contains predicted protein kinase C 
5 phosphorylation sites (PS00005) from amino acids 52-54, 172-174 and 350-352 of SEQ 
ID NO:5, and amino acids 276-278 and 454-456 of SEQ ID NO:8; casein kinase II 
phosphorylation sites (PS00006) from amino acids acids 372-375, 527-530 and 539-542 
of SEQ ID NO:5, and amino acids acids 97-100, 476-479, 631-634 and 643-646 of SEQ 
ID NO:8; tyrosine kinase phosphorylation site (PS00007) from amino acid 134-140 and 

10 182-188 of SEQ ID NO:5, and amino acids 238-244 and 286-292 of SEQ ID NO:8; N- 
myristoylation sites (PS00008) from amino acids 17-22, 148-153, 158-163, 228-233, 
267-272, 277-282, 306-311, 317-322, 349-354, 363-368, 390-395, 587-592, 607-612, 
613-618 and 625-630 of SEQ IDNO:5, and amino acids acids 149-154, 252-257, 262- 
267, 332-337, 371-376, 381-386, 410-415, 421-426, 453-458, 467-472, 494-499, 691- 

15 696, 71 1-716, 717-722 and 729-734 of SEQ ID NO:8; N-glycosylation sites from about 
amino acids 1-4 and 48-51 of SEQ ID NO:5; and glycosaminoglycan attachment site 
from about amino acids 616-619 of SEQ ID NO:5, and amino acids 720-723 of SEQ ID 
NO:8. 

A BLASTN 1 .4.9MP-WashU search, using a score of 100 and a word length of 
20 12 (Altschul et al (1990) J. Mol Biol 215:403) of the nucleotide sequence of mouse 
ftmzb048hl0 revealed a local sequence identity of 99% between human fahr nucleotides 
1851 to 2327 of SEQ ID NO:4 and the nucleotide sequences 1 to 477 of human cDNA 
clone ZD96C01 (Accession No. AF088074). 

A BLASTN 2.0MP-WashU search, using a score of 1 00 and a word length of 12 
25 (Altschul et al (1990) J. Mol Biol 215:403) of the nucleotide sequence of human fahr 
revealed a local sequence identity of 99% between human fahr nucleotides 2225 to 2701 
of SEQ ID NO:7 and the nucleotide sequences 1 to 477 of human cDNA clone 
ZD96C01 (Accession No. AF088074), and a local sequence identity of 81% between 
human fahr nucleotides 1665 to 1730 of SEQ ID NO:7 and nucleotide sequences 175 to 
30 240 of human cDNA clone ZD96C01 (Accession No. AF088074). 

A BLASTP 2.0MP-WashU search, using a score of 100 and a word length of 3 
(Altschul et al (1990) J. Mol Biol 215:403) of the amino acid sequence of human fahr 
revealed local sequence identity between human fahr (SEQ ID NO:8) and the human 
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orphan G-protein coupled receptor HG38 (Accession No. AAC28019), the human G 
protein coupled receptor LGR5 (Accesssion No. AAC7791 1), the mouse orphan G 
protein coupled receptor FEX (Accesssion No. AAD14684, and JG0193), 

5 Example 2: Tissue Distribution of LGR6 mRNA by Large-Scale Tissue-Specific 
Library Sequencing and by Northern Blot Hybridization 

This Example describes the tissue distribution of LGR6 mRNA. 
Northern blot hybridizations with various RNA samples can be performed under 
standard conditions and washed under stringent conditions, i.e., 0.2xSSC at 65°C. A 

1 0 DNA probe corresponding to all or a portion of the coding region of LGR6 (SEQ ID 
NO:3 or SEQ ID NO:6) can be used. The DNA is radioactively labeled with 32 P-dCTP 
using the Prime-It Kit (Stratagene, La Jolla, CA) according to the instructions of the 
supplier. Filters containing mouse mRNA (Clontech, Palo Alto, CA) can be probed in 
ExpressHyb hybridization solution (Clontech) and washed at high stringency according 

1 5 to manufacturer's recommendations. 

As an example, the nucleotide sequence for the partial mouse clone 
aambbOOldl 12 was labeled as described above and used to probe filters containing adult 
and embryonic mouse mRNA, As shown in Figure 7, clone aambbOOldl 12 corresponds 
to a portion of the full length ftmzb048hl0 sequence. Expression of this gene was 

20 detected in mouse brown fat (with undetectable levels of expression in white fat), with 
lower levels of expression detected in the mouse heart and the brain. In the developing 
mouse (embryonic day 17), the ftmzb048hl0 gene is expressed in brown fat, smooth 
muscle of the heart vessel, smooth muscle of the bronchiole, epithelial cell layer of the 
trachea, mesenchymal cell layer of the tooth, intravertebral disk and developing flat 

25 bone of the skull. In the adult mouse brain, this gene is expressed in the hypothalamus 
(arcuate nucleus and periventricular nucleus), eppendymal cell layer of the third 
ventricle close to the arcuate nucleus region, the supraoptic nucleus, the cortex, 
hippocampus, paraventral, paracentral, medio-dorsal and intradorsal thalamic nuclei. 
In humans, the distribution of the LGR6 gene was found in decreasing order of 

30 abundance in the human heart, brain and skeletal muscle. 
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Example 3: Recombinant Expression of LGR6 in Bacterial Cells 

In this example, LGR6 is expressed as a recombinant glutathione-S-transferase 
(GST) fusion polypeptide in E. coli and the fusion polypeptide is isolated and 
characterized. Specifically, LGR6 is fused to GST and this fusion polypeptide is 
5 expressed in E. coli, e.g., strain PEB199. Expression of the GST-LGR6 fusion protein 
in PEB199 is induced with IPTG. The recombinant fusion polypeptide is purified from 
crude bacterial lysates of the induced PEB199 strain by affinity chromatography on 
glutathione beads. Using polyacrylamide gel electrophoretic analysis of the polypeptide 
purified from the bacterial lysates, the molecular weight of the resultant fusion 
1 0 polypeptide is determined. 

Example 4; Expression of Recombinant LGR6 Protein in Mammalian Cells 

The C-terminus of mouse LGR6 was tagged at its C-terminal tail with green 
flourescent protein (GFP) to monitor its localization in living cells. Briefly, PCR 

15 primers were used to amplify the C-terminus of mouse LGR6 to remove the stop codon. 
Subsequently, a full length mouse LGR6 construct was made and cloned into plasmid 
pEGFP-N2. This construct was transfected into 293 cells. 293 cells stably expressing 
LGR6 tagged with GFP were seeded onto 5 cm dishes and visualized. The results 
demonstrated that LGR6-GFP is uniformly distributed in the plasma membrane, in 

20 contrast to the cytoplasmic localization of the GFP control protein. These results 
corroborate that LGR6 is a GPCR which are cell surface signalling molecules. 

To express the LGR6 gene in COS cells, the pcDNA/Amp vector by Invitrogen 
Corporation (San Diego, CA) is used. This vector contains an S V40 origin of 
replication, an ampicillin resistance gene, an E. coli replication origin, a CMV promoter 

25 followed by a polylinker region, and an SV40 intron and polyadenylation site. A DNA 
fragment encoding the entire LGR6 protein and an HA tag (Wilson et al (1984) Cell 
37:767) or a FLAG tag fused in-frame to its 3' end of the fragment is cloned into the 
polylinker region of the vector, thereby placing the expression of the recombinant 
protein under the control of the CMV promoter. 

30 To construct the plasmid, the LGR6 DNA sequence is amplified by PCR using 

two primers. The 5* primer contains the restriction site of interest followed by 
approximately twenty nucleotides of the LGR6 coding sequence starting from the 
initiation codon; the 3 1 end sequence contains complementary sequences to the other 
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restriction site of interest, a translation stop codon, the HA tag or FLAG tag and the last 
20 nucleotides of the LGR6 coding sequence. The PGR amplified fragment and the 
pCDNA/Amp vector are digested with the appropriate restriction enzymes and the 
vector is dephosphorylated using the CIAP enzyme (New England Biolabs, Beverly, 
5 MA). Preferably the two restriction sites chosen are different so that the LGR6 gene is 
inserted in the correct orientation. The ligation mixture is transformed into E. coli cells 
(strains HB101, DH5a, SURE, available from Stratag^ne Cloning Systems, La Jolla, 
CA, can be used), the transformed culture is plated on ampicillin media plates, and 
resistant colonies are selected. Plasmid DNA is isolated from transformants and 

10 examined by restriction analysis for the presence of the correct fragment. 

COS cells are subsequently transfected with the LGR6-pcDNA/Amp plasmid 
DNA using the calcium phosphate or calcium chloride co-precipitation methods, DEAE- 
dextran-mediated transfection, lipofection, or electroporation. Other suitable methods 
for transfecting host cells can be found in Sambrook, J., Fritsh, E. F., and Maniatis, T. 

15 Molecular Cloning: A Laboratory Manual 2nd, ed, Cold Spring Harbor Laboratory, 
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 1 989. The expression 
of the LGR6 polypeptide is detected by radiolabelling (3 ^-methionine or 35s-cysteine 
available from NEN, Boston, MA, can be used) and immunoprecipitation (Harlow, E. 
and Lane, D. Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory Press, 

20 Cold Spring Harbor, NY, 1988) using an HA specific monoclonal antibody. Briefly, the 
cells are labeled for 8 hours with ^-methionine (or ^-cysteine). The culture media 
* are then collected and the cells are lysed using detergents (RIPA buffer, 150 mM NaCl, 
1% NP-40, 0.1% SDS, 0.5% DOC, 50 mM Tris, pH 7.5). Both the cell lysate and the 
culture media are precipitated with an HA specific monoclonal antibody. Precipitated 

25 polypeptides are then analyzed by SDS-PAGE. 

Alternatively, DNA containing the LGR6 coding sequence is cloned directly into 
the polylinker of the pCDNA/Amp vector using the appropriate restriction sites. The 
resulting plasmid is transfected into COS cells in the manner described above, and the 
expression of the LGR6 polypeptide is detected by radiolabelling and 

30 immunoprecipitation using an LGR6 specific monoclonal antibody. 
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Equivalents 

Those skilled in the art will recognize, or be able to ascertain using no more than 
5 routine experimentation, many equivalents to the specific embodiments of the invention 
described herein. Such equivalents are intended to be encompassed by the following 
claims. 
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What is claimed is: 

1 . An isolated nucleic acid molecule selected from the group consisting of: 
5 a) a nucleic acid molecule comprising a nucleotide sequence which is at 

least about 60% identical to the nucleotide sequence of SEQ ID NO:7, SEQ ID NO:9, 
SEQ ID NO: 10, SEQ ID NO:12, or a complement thereof; 

b) a nucleic acid molecule comprising a fragment of at least 2175 
nucleotides of the nucleotide sequence of SEQ ID NO:7, SEQ ID NO:9, or a 

1 0 complement thereof; 

c) a nucleic acid molecule comprising a fragment of at least 2175 
nucleotides of the nucleotide sequence of SEQ ID NO: 10, SEQ ID NO: 12, or a 
complement thereof; 

d) a nucleic acid molecule which encodes a polypeptide comprising an 

1 5 amino acid sequence at least about 60% homologous to the amino acid sequence of SEQ 
IDNO:8, SEQIDNO:ll, 

e) a nucleic acid molecule which encodes a fragment of a polypeptide 
comprising the amino acid sequence of SEQ ID NO:8, or SEQ ID NO:l 1, wherein the 
fragment comprises at least 15 contiguous amino acids of SEQ ID NO:8, SEQ ID 

20 NO:ll;and 

f) a nucleic acid molecule which encodes a naturally occurring allelic 
variant of a polypeptide comprising the amino acid sequence of SEQ ID NO:8, SEQ ID 
NO: 1 1 , wherein the nucleic acid molecule hybridizes to a nucleic acid molecule 
comprising SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:12, or a 

25 complement thereof under stringent conditions. 

2. The isolated nucleic acid molecule of claim 1, which is selected from the 
group consisting of: 

a) a nucleic acid comprising the nucleotide sequence of SEQ ID NO:7, SEQ 
30 ID NO:9, SEQ ID NO:10, SEQ ID NO:12, or a complement thereof; and 

b) a nucleic acid molecule which encodes a polypeptide comprising the 
amino acid sequence of SEQ ID NO:8, SEQ ID NO:l 1. 
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3. The nucleic acid molecule of claim 1 further comprising vector nucleic 
acid sequences. 

4. The nucleic acid molecule of claim 1 further comprising nucleic acid 
5 sequences encoding a heterologous polypeptide. 

5. A host cell which contains the nucleic acid molecule of claim 1 . 

6. The host cell of claim 5 which is a mammalian host cell. 

10 

7. A non-human mammalian host cell containing the nucleic acid molecule 
of claim 1 . 

8. An isolated polypeptide selected from the group consisting of: 

15 a) a fragment of a polypeptide comprising the amino acid sequence of SEQ 

ID NO:8, SEQ ID NO: 1 1, wherein the fragment comprises at least 1 5 contiguous amino 
acids of SEQ ID NO:8, SEQ ID NO: 1 1 ; 

b) a naturally occurring allelic variant of a polypeptide comprising the 
amino acid sequence of SEQ ID NO: 8, SEQ ID NO:l 1, wherein the polypeptide is 

20 encoded by a nucleic acid molecule which hybridizes to a nucleic acid molecule 
comprising SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO: 10, SEQ ID NO: 12 or a 
complement thereof under stringent conditions; and 

c) a polypeptide which is encoded by a nucleic acid molecule comprising a 
nucleotide sequence which is at least 60% identical to a nucleic acid comprising the 

25 nucleotide sequence of SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:12, 
or a complement thereof. 



9. The isolated polypeptide of claim 8 comprising the amino acid sequence 
of SEQ ID NO:8, SEQ ID NO: 1 1 . 

30 

10. The polypeptide of claim 8 further comprising heterologous amino acid 
sequences. 
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11. An antibody which selectively binds to a polypeptide of claim 8. 

12. A method for producing a polypeptide selected from the group consisting 

of: 

5 a) a polypeptide comprising the amino acid sequence of SEQ ID NO:8, 

SEQIDNO:ll,; 

b) a fragment of a polypeptide comprising the amino acid sequence of SEQ 
ID NO:8, SEQ ID NO:l 1, wherein the fragment comprises at least 15 contiguous amino 
acids of SEQ ID NO:8, SEQ ID NO:l 1; and 

10 c) a naturally occurring allelic variant of a polypeptide comprising the 

amino acid sequence of SEQ ID NO:8, SEQ ID NO: 1 1 , wherein the polypeptide is 
encoded by a nucleic acid molecule which hybridizes to a nucleic acid molecule 
comprising SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO: 12, or a 
complement thereof under stringent conditions; 

1 5 comprising culturing the host cell of claim 5 under conditions in which the 

nucleic acid molecule is expressed. 

13. A method for detecting the presence of a polypeptide of claim 8 in a 
sample, comprising: 

20 a) contacting the sample with a compound which selectively binds to a 

polypeptide of claim 8; and 

b) determining whether the compound binds to the polypeptide in the 
sample. 

25 14. The method of claim 13, wherein the compound which binds to the 

polypeptide is an antibody. 

15. A kit comprising a compound which selectively binds to a polypeptide of 
claim 8 and instructions for use. 

30 

16. A method for detecting the presence of a nucleic acid molecule of claim 1 
in a sample, comprising the steps of: 
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a) contacting the sample with a nucleic acid probe or primer which 
selectively hybridizes to the nucleic acid molecule; and 

b) determining whether the nucleic acid probe or primer binds to a nucleic 
acid molecule in the sample. 

5 

17. The method of claim 16, wherein the sample comprises mRNA 
molecules and is contacted with a nucleic acid probe. 



18. A kit comprising a compound which selectively hybridizes to a nucleic 
10 acid molecule of claim 1 and instructions for use. 



19. A method for identifying a compound which binds to a polypeptide of 
claim 8 comprising: 

a) contacting a polypeptide, or a cell expressing a polypeptide of claim 8 
1 5 with a test compound; and 

b) determining whether the polypeptide binds to the test compound. 



20. The method of claim 1 9, wherein the binding of the test compound to the 
polypeptide is detected by a method selected from the group consisting of: 
20 a) detection of binding by direct detecting of test compound/polypeptide 

binding; 

b) detection of binding using a competition binding assay; 

c) detection of binding using an assay for LGR6-activity . 

25 21. A method for modulating the activity of a polypeptide of claim 8 

comprising contacting a polypeptide or a cell expressing a polypeptide of claim 8 with a 
compound which binds to the polypeptide in a sufficient concentration to modulate the 
activity of the polypeptide. 



30 



22. A method for identifying a compound which modulates the activity of a 
polypeptide of claim 8, comprising: 

a) contacting a polypeptide of claim 8 with a test compound; and 
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b) determining the effect of the test compound on the activity of the 
polypeptide to thereby identify a compound which modulates the activity of the 
polypeptide. 
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Input file ftmztyBhlO; Output File f tmzb4 8hl0 .pat 
Sequence length 3637 

GTCGACCCA(XXX3TCCCX*CTCAAC^ 7 9 

CAAGCCAAGTCGAGOGGGGGCGTTGCCC^ 158 

M H S P 4 

OTCAOVGCTCCGTGCGCrCGCCCGTClX^ ATG CAC AGC CCO 233 

PGLLALWLCAVLCASARGGS 24 

OCT GGG CTC CTG GOG CTG TGG CTT TGC GCT GTG CTG TGC GCA TOG GOG CGC GGG GGC AGC 293 

OPQPG PGR PA CPAPCHCQED 44 

GAC CCC CAG CCT GGC CCG GGG CGT CCC GCC TGC CCG GCT CCC TGC CAC TGC CAG GAG GAC 353 

GIMLSADCSELGLSVVPADL 64 

GGC ATC ATG CTG TCC GCT GAC TGC TCC GAG CTC GGG CTC TCA GTG GTG CCT GOG GAC CTG 413 

DPLTAYLDLS MNNLTB LQPG 84 

GAC CCC CTG ACG GCT TAC CTA GAC CTC ACT ATG AAC AAC CTC ACG GAG CTT CAG CCG GGT 473 

* 

LFHHLRFLBE LRLSGNHLSH 104 

CTC TTC CAC CAC CTG CGC TTC CTG GAG GAG CTG OGG CTC TCA GGG AAC CAC CTC TCA CAC 533 

I PGQAFSGLHSLKILMLQSN 124 

ATC CCG GGA CAG GCA TTC TCC GGC CTC CAC AGC CTC AAA ATT CTA ATG CTG CAG AGC AAC 593 

QLRGI PAEAL WELPSLQSLR 144 

CAG CTC CGT GGG ATC CCA GCA GAG GCA CTA TGG GAG CTG CCC AGC CTG CAG TOG CTG CGC 653 

LDANLISLVPERSFEGLSSL 164 

CTA GAT GCT AAT CTC ATC TCC CTG GTC CCT GAG AGA AGC TTT GAG GGG CTC TCC TCC CTC 713 

RH LWLDDNALTE IPVRALNN 184 

CGC CAC CTC TGG CTG GAT GAC AAT GCA CTC ACT GAG ATC CCC GTC AGA GCT CTC AAC AAC 773 

LPALQAMTLALNHI RHI PDY 204 

CTT CCT GCC CTA CAG GCC ATG ACC TTG GCT CTC AAC CAT ATC CGC CAC ATC CCT GAC TAT 833 

AF QNLTSLVV LHLHNNR I Q H 224 

GCC TTC CAG AAC CTC ACC AGT CTT GTG GTG CTG CAT CTA CAT AAC AAC OGC ATC CAG CAT 893 

VGTHSFBG LHNLBTliDLNYN 244 

GTG GGG ACC CAC AGC TTC GAG GGG CTG CAC AAT CTG GAG ACA CTA GAC CTG AAC TAT AAT 953 

ELQEFPLA IR TLGRLQELGF 264 

GAG CTG CAG GAG TTC CCC TTG GCT ATC OGG ACC CTG GGC AGG CTG CAG GAA TTG GGT TTC 1013 

HNNNIKAIPEKAFMGNPLLQ 284 

CAT AAC AAC AAC ATC AAG GCT ATC CCA GAG AAA GCC TTC ATG GGC AAC CCT CTC CTG CAG 1073 

T I HFYDNP IQ FVGRSAFQYL 304 

ACA ATA CAT TTT TAT GAC AAC CCA ATC CAG TTT GTG GGA AGG TCA GCA TTC CAG TAC CTG 1133 

SKLHTLSLNGATDIQEFPDL 324 

TCT AAA CTG CAT ACG CTA TCT TTG AAT GGT GCC ACT GAT ATC CAA GAG TTC CCA GAC CTC 1193 

KG TTSLBI LT LTRAG IRLLP 344 

AAA GGC ACC ACT AGC CTG GAG ATC CTG ACC CTG ACC CGT GCG GGC ATC AGA CTG CTC CCA 1253 
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PGVCQQLPR LRI LBLSHN^Q I 364 
CCG GGA GTG TGC CAA CAG CTG OCT AGO CTC CGA ATC CTG GAG CTG TCT CAT AAT CAG ATC 1313 

EBLPSLHRCQKLEBIGLRHN 334 
GAG GAG TTA CCC AGC CTG CAC AGA TGT CAG AAG CTG GAG GAA ATT GGC CTC CGA CAT AAC 1373 

RIKEXGADTFSQLGSLQALD 404 

AGG ATC AAG GAA ATT GOT GCA GAT ACC TTC AGC CAG CTG GGC TCC TTG CAA GCT TTA GAC 1433 

LSHNAIRAIHPBAFSTLRSL 424 

CTG AGT TGG AAT GCC ATC CGT GCC ATC CAC CCT GAG GCT TTC TCA ACC CTT CGA TCC TTG 1493 

VKLDLTDNQLTTLPLAGLGG 444 

GTT AAG CTG GAC CTG AC^ GAC AAC CAG CTG ACC ACA CTG CCC CTG GCT GOG CTG GGA GGC 1553 

LMHLKLKGNLALSQAFSKDS 464 

CTG ATQ CAC CTG AAG CTC AAA GGG AAC TTG GCC CTG TCT CAG GCC TTC TCC AAG GAC AGT 1613 

FPKLRILEVPYAYQCCAYGI 484 

TTC CCA AAA CTG AGG ATC CTG GAG GTG CCC TAC GCC TAC CAG TGC TGT GCC TAC GGC ATC 1673 

CASF FKTSGQ'WQAEDFHPEE 504 

TGT GCC AGC TTt *TTC AAG ACC TCT GGG CAG TGG CAG GCC. GAG GAG TTT CAT CCA GAA GAA 1733 

E* E A P K R P L G L L AG QA-E N H Y D S24 

GAG GAG GCA CCA AAG AGG CCC CTG GGT CTC CTT GCT GGA CAA GCT GAG AAC CAC TAT GAC 1793 

1* * D L D E L*Q M 6 T E D S K P N P 8 V Q 544 

CTA GAC CTG GAT GAG CTC CAG ATG GGG ACA GAG GAC TCA AAG CCA AAC CCC AGT GTC CAG 1853 

CSPVPGPFKPCEHLFESWOI 564 

TGC AGC CCT GTT CCA GGC CCC TTC AAG CCC TGC GAG CAC CTC TTT GAG AGC TGG GGC ATC 1913 

RLAV WAIVXiLSVLCNG LVLL 584 

CGC CTT GCT GTG TGG GCC ATC GTG CTG CTC TCC GTA CTC TGT AAC GGG CTG GTG CTG CTG 1973 

TVFASGPSPLSPVKLVVGAM. 604 

ACA GTC TTT GCC AGC GGA CCC AGC COG CTG TCC CCC GTC AAG CTT GTG GTG GGT OC3 ATG 2033 

AGANALTG I S CGLLASVDAL 624 

GCA GGC GCC AAC GCC CTG ACQ CGC ATT TCC TGT GGT CTC CTG GCC TCT GTG GAC GCC TTG 2093 

TYGQFAEYGARWESGLGCQA 644 

ACC TAT GGT CAG TTC GCT GAG TAT GGA GCC CGC TGG GAG AGC GOT CTG GGC TGC CAG GCT 2153 

TGFLAVLGSBASVLLLTL.AA 664 

ACG GGC TTC CTG GCT GTC CTG GGT TCA GAG GOG TOG GTG CTG CTG CTC ACA CTG GCG GCC 2213 

VQCSISVTCVRAYGKAPSPG 684 

GTG CAG TGC AGC ATC TCT GTG ACC TGC GTC CGA GCC TAC GGG AAG GCG CCG TOG CCT GGC 2273 

SVRAGAliGCLALAGLAAALP 704 

AGC GTC CGC GCA GGC GCA CTG GGA TGC CTG GCG CTG GCC GGG CTG GCC GCA GCA CTG CCG 2333 

LASVGEYGAS PLCLPYAPPE 724 

CTG GCC TOG GTG GGA GAG TAT GGC GCC TCC CCA CTC TGC CTG CCC TAC GCC CCA CCC GAG 2393 

GRPAALGFAVALVMMNSLCF 744 

GGC CGG CCG GCC GCC CTG GGC TTC GCT GTA GCC CTG GTG ATG ATG AAC TCG CTC TGC TTC 2453 
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I-VVAGAYI KLYCDLPRGDjPE 764 
CTG GTG GTG GCC GGC GCC TAC ATC AAG CTC TAC TGT GAC CTG CCA OOO GGT GAC flT GAG 2513 

AVHDCAMVRHVAHLIFADCL 784 
GCC GTG TGG GAC TGC GCC ATG GTG CGC CAC GTG GCC TGG CTC ATC TTT GCA GAT GGC CTC 2573 

LYCPVAFLSFASMLGLFPVT 804 
CTC TAC TGC CCC GTG GCC TTC CTC AGC TTT GCC TCC ATG CTG GGC CTC TTC CCT GTC ACC 2633 

PBAVKSVLLVVLPLPACLNP 824 
CCC GAG GCT GTC AAG TCA GTC CTT CTG GTG GTG CTG CCT CTG CCT GCC TGC CTC AAC CCA 2693 

LfcYLLFNPHFRDDLRRLWPS 844 
CTG CTC TAC CTG CTC TTC AAC CCT CAC TTC CGG GAT GAC CTT COG CGG CTC TGG CCA AGC 2753 

PRSPGP bAYAAAGBLEKSSC 864 
CCT CGG TCC CCA GGG CCC CTA GCC TAC GCT GCA GCC GOT GAG CTG GAG AAG AGC TCC TGC 2B13 

DSTQALVAFSDVDLILBASE 884 
GAC TCC ACC CAA GOG CTG GTG GCT TTC TCA GAT GTG GAT CTT ATT CTG GAA GCT TCT GAG 2873 

AGQPPGLETYG FPSVTL ISR 904 
GCT GGG CAG CCT CCT GGG CTA GAG ACC TAT GGC TTC CCT TCA GTG ACC CTC ATC TCC CGA 2933 

HQ 'PGATR LEGNHFI E " S D G T K 924 
CAT CAG CCG GGG GCC ACC AGO CTG GAG GGA AAC CAT TTT ATA GAG TCT GAT GGA ACC AAG 2993 

FGNPQ PPM KGE L LL KABGAT 944 
TTT GGG AAC CCA CAA CCT CCC ATG AAG GGA GAA CTG CTG CTG AAG GCA GAG GGA GCC ACT 3053 

LAGCGSSVGGALWPSGSLFA 964 
TTG GCA GGC TGT GGC TCT TCC GTG GGT GGA GCC CTC TGG CCC TCT GGC TCT CTC TTT GCC 3113 

S H L * 9$ e 
TCT CAC TTG TAA 3125 

ATATCCCTCTCTGTTTGTCCTCrcCCCATCCAATGATGGCT^ 3204 

TGG<XAACACCTCTQACTCCATTGTTCTC^^ 3283 

CCTTCAGCTTCACTTTCACCCTQQGCCTTCT 3362 

GAAAGGAGAAAAGCAAAAGACAGTGAAGGTTATTGGGCCCT 3441 

GTCTCAGAGAGCATGACACTGGAAGACAACTACCAAAl^ 3520 

TGTTCTGCGTTCC^TTAATCTTGACCTO 3599 

AAAAAAAAAAAAAAAAAAAAAAAAAAAAGGGCGGCCGC 3637 
?? 
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LRR: domain 1 of 8, from 67 to 1 14: score 46.0, E = &1e-10 

•^nLeeLdUnNkLtslppgalsnLpnLeeLdLsnNnLtslppgtfqnLk<-* 
♦LdLs N+Lt+I pg++++L+ LeeL Ls+N+L+++p ++f«-*L+ 

ftmzb048h1 

67 LTAYLDLSMNNLTELQPGLFHHLRFLEELRLSGNHLSHIPGQAFSGLH 114 



LRR: domain 2 of 8, from 1 15 to 162: score 42.2, E = 1 .2e-08 

# ^nLeeLdUnNkLtslppgalsnLpnLeeLdLsnNnLts(ppgtfqnLk<- A 
+L+ L L+ N+L+++p++a|+ Lp+L++L L+N++ +p+++f++|> 

ftmzb048h1 

1 1 5 SLKILMLQSNQLRGIPAEALWELPSLQSLRLDANLISLVPERSFEGLS 162 



LRR: domain 3 of 8, from 163 to 210: score 49.5, E = 7.7e-1 1 

*^nLeeLdl^nNkLtslppgalsnLpnLeeLdLsnNnLtslppgffqnLk<-* 
♦L++L+L++N Lt++p al+nLp L+ L N+++++p^+f^nL+ 

ftmzb048h1 

163 SLRHLWLODNALTEIPVRALNNLPALQAMTLALNHIRHIPDYAFQNLT 210 



LRR: domain 4 of 8, from 21 1 to 257: score 39.5, E = 7.4©r08 

A ->nLeeLdLsnNkLts!ppgalsnLpnLeeLdLsnNnLtslppglfqnL k<-* 
+L +L+L nN+-HM-+ +++«M-L+nLe+LdL++N+L+++p + + L+ S 
ftmzb048h1 . . 

211 SLWLHLHNNRIQHVGTHSFEGLHNLETLDLNYNELQEFPL-AJRTLG 257 



LRR: domain 5 of 8, from 258 to 305: score 34.1, E ■ 3.2e-06 

*^nLeeUl^NkLtslppgalsnLpnLeeLdUnNnLts!ppgifqnLk<-* 
+L+eL + nN+++ +j>+ ja+ + p L n t m +N ++ ♦ ++fq L+ 

ftmzb048h1 

258 RLQELGFHNNNIKAJPEKAFMGNPLLQT1HFYDNPIQFVGRSAFQYLS 305 



LRR: domain 6 of 8, from 306 to 352: score 23.8, E = 0.0041 

•->nLeeLdLsnNlcLtslppgalsnLpnLeeLdLsnNnUs!ppglfqn Lk<-* 
+L++L+L++ +++++p+ H-+ ++Le L L + ++ lppg++q L+ 

ftmzb048h1 

306 KLHTLSLNGATdlQEFPD-LKGTTSLEILTLTRAGIRLLPPGVCQQLP 352 



LRR: domain 7 of 8, from 353 to 398: score 47.6, E = 2.8e-10 

*^nLeeULsnNkLtslppgalsnLpnLeeLdLsnNnLtslppgtfqnLk<-* 
+L+ L+Ls+N++++|p+ K m Lee* L +N+ * n ♦ ++f+L+ 

ftmzb048h1 

353 RLRILELSHNQIEELPS— LHRCQKLEEIGLRHNRIKEIGADTFSQLG 398 



LRR: domain 8 of 8, from 399 to 446: score 49.4, E = 7.9e-1 1 

•->nLeeLdLsnNkLtslppgalsnLpnLeeLdLsnNnLtslppgifqnLk<-* 
+L+ LdLs N ++ -M-p+a+s+L-M-L +LdL +N+Lt+lp + +L 

ftmzb048h1 

399 SLQALDLSWNAlRAIHPEAFSTLRSLmDLTDNQLmPlAGLGGLM 446 
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>ttuman DNA seq. 

TAATACGACTCACTATAGGGAAAGCTGGTACGCCTGCAGGTACC6GICCGGAA 

TTCCCGGGTCGACCCACGCGTCCGTGGAGCGGAGCCAGGGTCTGAGCCTGCC 

GGCTCATCCAGCCTCTCTTGCTGCCCTAGCGGCCTCCAACACAACCGCATCTG 

GGAAATTG(^GCt:GACACC7TCAGCCAGCTGAGCTCCCTGCAAGCCCTGGATC 

TTAGCTGGAACGCCATCCGGTCCATCCACCCTGAGGCCTTCTCCACCCTGCAC 

TCCCTGGTCAAGCTGGACCTGACAGACAACCAGCTGACCACACTGCCCCTGGC 

TGGACTTGGGGGCTTGATGCATCTGAAGCTCAAAGGGAACCTTGCTCTCTCCC 

AGGCCTTCTCCAAGGACAGTTTCCCAAAACTGAGGATCCTGGAGGTGCCTTATG 

CCTACCAGTGCTGTCCCTATGGGATGTGTGCCAGCTTCTTCAAGGCCTCTGGG 

CAGTGGGAGGCTGAAGACCTTCACCTTGATGATGAGGAGTCTTCAAAAAGGCC 

CCTGGGCCTCCTTGCCAGACAAGCAGAGAACCACTATGACCAGGACCTGGATG 

AGCTCCAGCTGGAGATGGAGGACTCAAAGCCACACCCCAGTGTCCAGTGTAGC 

CCTACTCCAGGCCCCTTCAAGCCCTGTGAGTACCTCTTTGAAAGCTGGGGCAT 

CCX3CCTGGCCGTGTGGGCCATCGTGTTGCTCTCCGTGCTCTGCAATGGACTGG 

TGCTGCTGACCGTGTTCGCTGGCGGGCCTGCCCCCCTGCCCCCGGTCAAGTTT 

GTGGTAGGTGCGATTGCAGGCGCCAACACCTTGACTGGCATTTCCTGTGGCCT 

TCTAGCCTCAGTCGATGCCCTG^CCTTTGGTCAGTTCTCTGAGTACGGAGCCC 

GCTGGGAGACGGGGCTAGGCTGeCGGGCCACTGGCTTCCTGGCAGTACTTGG 

GTCGGAGGCATCGGTGCTGCTGCTCACTCTGGCCGCAGTGCAGTGCAGCGTC 

TCdGTCTCCTGTGTCCGGGCCTATGGGAAGTCCCCCTCCCTGGGCAGCGTTCG 

AGCAGGGGTCCTAGGCTGCCTGGCACTGGCAGGGCTGGCCGCCGCACTGCCC 

CTGGCCTCAGtGGGAGAATACGGGGCCTCCCCACTCTGCCTGCCCTACGCGC 

CACCTGAGGGTCAGCCAGCAGCCCTGGGCTTCACCGTGGCCCTGGTGATGAT 

GAACTCCTTCTGTTTCCTGGTCGTGGCCGGTGCCTACATCAAACTGTACTGTGA 

CCTGCCGCGGGGCGACTTTGAGGCCGTGTGGGACTGCGCCATGGTGAGGCAC 

GTGGCCTGGCTCATCTTCGCAGACGGGCTCCTCTACTGTCCCGTGGCCTTCCT 

CAGC7TCGCCTCCATGCTGGGCCTC7TCCCTGTCACGCCCGAGGCCGTCAAGT 

CTGTCCTGCTGGTGGTGCTGCCCCTGCCTGCCTGCCTCAACCCACTGCTGTAC 

CTGCTCTTCAACCCCCACTTCCGGGATGACCTTCGGCGGCTTCGGCCCCGCGC 

AGGGGACTCAGGGCCCCTAGCCTATGCTGCGGCCGGGGAGCTGGAGAAGAGC 

TCCTGTGATTCTACCCAGGCCCTGGTAGCCTTCTCTGATGTGGATCTCATTCTG 

GAAGCTTCTGAAGCTGGGCGGCCCCCTGGGCTGGAGACCTATGGCTTCCCCTC 

AGTGACCCTCATCTCCTGTCAGCAGCCAGGGGCCCCCAGGCTGGAGGGCAGC 

CATTGTGTAGAGCCAGAGGGGAACCACTTTGGGAACCCCCAACCCTCCATGGA 

TGGAGAACTGCTGCTGAGGGCAGAGGGATCTACGCCAGCAGGTGGAGGCTTG 

TCAGGGGGTGGCGGCTTTCAGCCCTCTGGCTTGGCCTTTGCTTCACACGTGTA 

AATATCCCTCCCCATTCTTCTCTTCCCCTCTCTTCCCTTTCCTCTCTCCCCCTCG 

GTGAATGATGGCTGCTTCTAAAACAAATACAACCAAAACTCAGCAGTGTGATCT 

ATAGCAGGATGGCCCAGTACCTGGCTCCACTGATCACCTCTCTCCTGTGACCAT 

CACCAACGGGTGCCTCTTGGCCTGGCTTTCCCTTGGCCTTCCTCAGCTTCACCT 

TGATACTGGGCCTCTTCCTTGTCATGTCTGAAGCTGTGGACCAGAGAdCTGGAC 

TTTTGTCTGCTTAAGGGAAATGAGGGAAGTAAAGACAGTGAAGGGGTGGAGGG 

TTGATCAGGGCACAGtGGACAGGGAGACCTCACAGAGAAAGGCCTGGAAGGT 

GATTTCCCGTGTGACTCATGGATAGGATACAAAATGTGTTCCATGTACCATTAAT 

CTTGACATATGCCATGCATAAAGACTTCCTATTAAAATAAGCTTTGGAAGAGATT 

AAAAAAAAAAAAAAAGGGCGGCCGCTCTAGAGGATCCAAGCTTACGTACGCGT 

GCATGCGACGTCATAGCTCTTCTATAGTGTCACCTAAATTCAATT 

Figure 4 
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>fahr human 

NTTHYRESVmCRYRSGIPGSTmSVERSQGLSLPAHPASlAAL^^ 

DTFSQLSSLC^LDLSWNAIRSIHPEAFSTLHSLViKLDLTDNQLTTLPLAGLGGLMHL 

KLKGNLALSC^FSKOSFPKLRILEVPYAYQCCPYGMCASFFKASGQVVEAEDLHLD 

DEESSKRPLGLLARQAENHYDQDLDELQLEMEDSKPHPSVQCSPTPGPFKPCEYL 

FESWGIRLAVWAI\^S\^CNGLVLLTVFAGGPAPLPPVKFWGAIAGANTLTGISCG 

LLASVDALTFGQFSEYGARWETGLGCRATGFLAVLGSEASVLLLTLAAVQCSVSVS 

CVRAYGKSPSLGSVRAGVLGCLALAGLAAALPLASVGEYGASPLCLPYAPPEGQP 

AALGFWALVMMNSFCFLWAGAYIKLYCDLPRGDFEAVWDCAMVRHVAWLIFAD 

GLLYCPVAFLSFASMLGLFPVTPEAVKSVLLWLPLPACLNPLLYLLFNPHFRDDLR 

RLRPRAGDSGPIAYAAAGELEKSSCDSTQALVAFSDVDULEASEAGRPPGLETYG 

FPSVTUSCQQPGAPRLEGSHCVEPEGNHFGNPQPSMDGELLLRAEGSTPAGGGL 

SGGGGFQPSGLAFASHV 



Figure 5 



7/31 



WO 01/85768 



PCT/US01/15002 



LRR: domain 1 of 1. from 64 to 111: score 51.0, E = 2.6e-11 

v - - ■ -■- - 

fahr 64 



m i or i, irom o4 to m: score 51.0, E = 2.6e-11 

*->nLeeLdLsnNkLtslppgalsnLpnLeeLdLsnNnUslppgtfqnL 
♦L+ LdLs N ++s++p+a+8+L++L *LdL +N+Lt+lp + +L 

^ SLQALDLSWNAIRSIHPEAFSTLHSLVKLDL7DNQLTTLPLAGLGGL 1 1 0 
k<-* 



fahr 111 M 111 
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<taBfa046hlO 



ttmbCHBhlO 



01OX12 



£tnzfc048bl0 



tenfaOiShlO 

MjB£jw±b00Xdll2 



tCnztXHKhlO 



cmzMMfloao 



taO048hlO 




CtPclXHSIllO 



£lMfc048hlO 



ftxxb04fthl0 



«• 160 

X61 ______ 240 

IS--XBHIJ *Lraq___IK^ 



241 



no 




401 4^0 

4grg«aiL ttSQ Mamspiig jmatfPxittoac 

■« , ■ - ' - 560 



KCBEBVQCSEVRSEESFCEOWS 



561 




*feao 



vwzfiEiRflcsvuTra 



EMBiCTggaLBt tog Wtfruggggaq^^ 

961 . <tf 8 
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GLHNLETLDLNYNKLQEFPV 20 

GGG CTG CAC AAT CTG GAG ACA CTA GAC CTG AAT TAT AAC AAG CTG CAG GAG TTC CCT GTG 60 

AIRTLG RLQELGFHNNNIKA 40 

GCC ATC CGG ACC CTG GGC AGA CTG CAG GAA CTG GGG TTC CAT AAC AAC AAC ATC AAG GCC 120 

IPEKAFMGNPLLQTIHFYDN 60 

ATC CCA GAA AAG GCC TTC ATG GGG AAC CCT CTG CTA CAG ACG ATA CAC TTT TAT GAT AAC 180 

PIQFVGRSAFQYL PKLHTLS 80 

CCA ATC CAG TTT GTG GGA AGA TCG GCA TTC CAG TAC CTG CCT AAA CTC CAC ACA CTA TCT 240 

LNGAMD IQEFPDLKGTTSLE 100 

CTG AAT GGT GCC ATG GAC ATC CAG GAG TTT CCA GAT CTC AAA GGC ACC ACC AGC CTG GAG '300 

ILTLTRAGIRLLPSGMCQQL 120 

ATC CTG ACC CTG ACC CGC GCA GGC ATC CGG CTG CTC CCA TCG GGG ATG TGC CAA CAG CTG 360 

PRLR .V LELSHNQI EELPSLH 140 

CCC AGG CTC CGA GTC CTG GAA CTG TCT CAC AAT CAA ATT GAG GAG CTG CCC AGC CTG CAC 420 

RCQK' LEEIGL'Q 'HNRIWEIGA 160 

AGG TGT CAG AAA TTG GAG GAA ATC GGC CTC CAA CAC AAC CGC ATC TGG GAA ATT GGA GCT 480 

DT F. SQ. LSS LQALDLSWNAIR 180 

GAC ACC TTC AGC CAG CTG AGC TCC CTG CAA GCC CTG GAT CTT AGC TGG' AAC GCC ATC CGG 540 

SIHP.EAFSTLHSLVKLDLTD 200 

TCC ATC CAC CCT GAG GCC TTC TCC ACC CTG CAC TCC CTG GTC AAG CTG GAC CTG ACA GAC 600 

NQLTTLPLAGLGGLMHLKLK 220 

AAC CAG CTG ACC ACA CTG CCC CTG GCT GGA CTT GGG GGC TTG ATG CAT CTG AAG CTC AAA 660 

GNLALSQAFSKDS FPKLRIL 240 

GGG AAC CTT GCT CTC TCC CAG GCC TTC TCC AAG GAC AGT TTC CCA AAA CTG AGG ATC CTG 720 

E V PYAY Q C C P Y GM C A. S. F F K A 260 

GAG GTG CCT TAT GCC TAC CAG TGC TGT CCC TAT GGG ATG TGT GCC AGC TTC TTC AAG GCC 780 

S G QW E A E D L H L D D E E S S K R"' p 280 

TCT GGG CAG TGG GAG GCT GAA GAC CTT CAC CTT GAT GAT GAG GAG TCT TCA AAA AGG CCC 8.40 

LGLLARQAENHYDQDLDELQ 300 

CTG GGC CTC CTT GCC AGA CAA GCA GAG AAC CAC. TAT GAC CAG GAC CTG GAT GAG CTC CAG 900 

LEMEDSKPHPSVQCSP T.P G. -P 320 

CTG GAG ATG GAG GAC TCA AA<3 CCA CAC CCC AGT GTC CAG TGT AGC CCT ACT CCA GGC CCC 960 

F K P C E Y L F ; E ■ S . W G I R L ■' A V W A I 340 

TTC AAG CCC TGT GAG TAC CTC TTT GAA AGC TGG GGC ATC CGC CTG GCC GTG TGG GCC ATC 1020 

V LLSV h CN G L V I* L T V FAGG P 360 

GTG TTG CTC TCC GTG CTC TGC AAT GGA CTG GTG; CTG CTG ACC GTG TTC GCT GGC GGG CCT 1080 

A p L P P V K F V V G A I A G A.N T*. 380 

GCC CCC CTG CCC CCG GTC AAG TTT GTG GTA GGT GCG ATT GCA GGC GCC AAc'aCC TTG ACT 114 0 
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GISCGLLASVUALTFGQFSE 400 

GGC ATT TCC TGT GGC CTT CTA GCC TCA GTC GAT GCC CTG ACC TTT GGT CAG TTC TCT GAG 1200 

YGARWETGLGCRATGFLAVL 420 

TAC GGA GCC CGC TGG GAG ACG GGG CTA GGC TGC CGG GCC ACT GGC TTC CTG GCA GTA CTT 1260 

GSEASV LLLTLAAVQCSVSV 440 

GGG TCG GAG GCA TCG GTG CTG CTG CTC ACT CTG GCC GCA GTG CAG TGC AGC GTC TCC GTC 1320 

SCVRAYGKSPSLGSVRAGVL 460 

TCC TGT GTC CGG GCC TAT GGG AAG TCC CCC TCC CTG GGC AGC GTT CGA GCA GGG GTC CTA 1380 

G C L A L A G LAAALP LASVGEY 480 • 

GGC TGC CTG GCA CTG GCA GGG CTG GCC GCC GCA CTG CCC CTG GCC TCA GTG GGA GAA TAC 144 0 

GASPLCL PYAPPEGQPAALG 500 

GGG GCC TCC CCA CTC TGC CTG CCC TAC GCG CCA CCT GAG GGT CAG CCA GCA GCC CTG GGC 1500 

FTVALVMMNSFCFLVVAGAY 520 

TTC ACC GTG GCC CTG GTG ATG ATG AAC TCC TTC TGT TTC CTG GTC GTG GCC GGT GCC TAC 1560 

I KLYC D h PRGD FE AVW DCAM 540 

ATC AAA CTG TAC TGT GAC CTG CCG CGG GGC GAC TTT GAG GCC GTG.:rGG F GAC TGC GCC ATG 1620 

VRHVAW L I FADGL LY CPVAF 560 

GTG AGG CAC GTG GCC TGG CTC ATC TTC GCA GAC GGG CTC CTC TAC TGT CCC GTG GCC TTC 1680 

LSFASMLGfcFPVTPEAVKSV 580 

CTC AGC TTC GCC TCC ATG CTG GGC CTC TTC CCT GTC ACG CCC GAG GCC GTC AAG TCT GTC 1740 

LLVVL PL PACLNP LLYLLFN 600 

CTG CTG GTG GTG CTG CCC CTG CCT GCC TGC CTC AAC CCA CTG CTG TAC CTG CTC TTC AAC 1800 

PHFRDDLRRLRPRAGDSGPL 620 

CCC CAC TTC CGG GAT GAC CTT CGG CGG CTT CGG CCC CGC GCA GGG' GAC TCA GGG CCC CTA 1860 

AYAAAG E LEKSSC DSTQALV 640 

GCC TAT GCT GCG GCC GGG GAG CTG GAG AAG AGC TCC TGT GAT TCT ACC CAG GCC CTG GTA 1920 

A F S D V D L I L E A S E A G R P.P. G .L 660 

GCC TTC TCT GAT GTG GAT CTC ATT CTG GAA GCT TCT GAA GCT GGG CGG CCC CCT GGG .CTG 1980 

ETYGF P S VTLI SC QQ P G APR 680 

GAG ACC TAT GGC TTC CCC TCA GTG ACC CTC ATC TCC TGT CAG CAG CCA GGG GCC CCC AGG 2040 

LEGS II . C V E PEG N H FG N P'QP S 700 

CTG GAG GGC AGC CAT TGT GTA GAG CCA GAG GGG AAC CAC TTT GGG AAC CCC CAA CCC TCC 2100 

M D G E L h L R A E G S T P A G G. G L S 720 

ATG GAT GGA GAA CTG CTG CTG AGG GCA GAG GGA TCT ACG CCA GCA GGT GGA GGC TTG TCA 2160 

G G G G F Q P S G. L A F A S H .V * 7 37 

GGG GGT GGC GGC TTT CAG CCC TCT GGC TTG GCC TTT GCT TCA CAC GTG TAA 2211 

ATATCCCTCCCCATTCTTCTCTTCCCCTCTCTTCCCTTTCCTCTCTCCCCCTCGGTGAATGATGGCTGCTTCTAAAACA 2290 

AATACAACCAAAACTCAGCAGTGTGATCTATAGCAGGATGGCCCAGTACCTGGCTCCACTGATCACCTCTCTCCTGTGA 2369 

CCATCACCAACGGGTGCCTCTTGGCCTGGCTTTCCCTTGGCCTTCCTCAGCTTCACCTTGATACTGGGGCTCTTCCTTG 24 4 8 

TCATGTCTGAAGCTGTGGACCAGAGACCTGG ACTTTTGTCTGCTTAAGGGAAATGAGGGAAGTAAAGACAGTGAAGGGG 2527 

FIGURE 8 
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TGGAGGGTTGATCAGGGCACAGTGGACAGGGAGACCTCACAGAGAAAGGCCTGGAAGGTGATTTCCCGTGTGACTCATG 2606 
GATAGGATACAAAATGTGTTCCATGTACCATTAATCTTGACAT ATGCCATGC ATAAAGACTTCCTATTAAAATAAGCTT 2685 
TGGAAGAGATTAAAAAAAAAAAAAAA 2711 
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Searching for complete domains in PFAM 
hmmpfam - search a single scq against HMM database 
HMMER 2.1. J (Dec 1998) 

Copyright (C) 1992-1998 Washington University School of Medicine 
HMMER is freely distributed under the GNU General Public License (GPL). 



HMM file: / P rod/ddnVseqanaJ/PFAM/pfam6 2/Pfam 

Sequence file: ZprocyddnVwspa(^orfanal/oa-script.l2184.seq 



Query: 15088 

Scores for sequence family classification (score includes all domains): 
Model Description Score E-valuc N 



LRR Leucine Rich Repeat 241.4 Uc-68 16 

LRRNT Leucine rich repeat N-tcrminal domain 27.2 0.00038 1 
7tm_l 7 transmembrane receptor (rhodopsin family) 7.2 0.14 2 

Parsed for domains: 

Model Domain seq-f seq-t hmm-fhmm-t score E- value 



LRRNT 


l/l 


34 


65 


I 


310 


27.2 0.00038 


LRR 


1/16 


67 


90.. 


1 


23 0 


12.4 


11 


LRR 


2/16 


91 


114.. 


1 


23 D 


24.2 \ 


0.0031 


LRR 


3/16 


115 


138.. 


I 


23 0 


19.9 


0.062.. 


LRR 


4/16 


139 


162.. 


1 


23 0 


16.4 


0.7 


LRR 


5/16 


163 


186 .. 


1 


230 


27.5 0.00031 


LRR 


6716 


187 


210.. 


1 


23 0 


12.1 


13 


LRR 


7/16 


211 


234 .. 


1 


230 


21.6 


0.019 


LRR 


8/16 


235 


257 .. 


\ 


23 0 


18.2 


0.2 


LRR 


9/16 


258 


281 .. 


1 


230 


19.0 


0.11 


LRR 


10/16 


282 


3.05.. 


1 


23Q 


10.2 


32 ' 


LRR 


11/16 


306 


328 .. 


1 


230 


5.6 l.Se+02 


LRR 


12/16 


329 


352 .. 


1 


230 


8.8 


52 


LRR 


13/16 


353 


374.. 


1 


230 


19.2 


0.097 


LRR 


14/16 


375 


398 .. 


1 


230 


16.9 


0.49 


LRR 


15/16 


399 


422 .. 


1 


230 


23.7 


0.0042 


LRR 


16/16 


423 


446 


1 


230 


16.4 


0.66 


7tm I 


1/2 


635 


662.. 


51 


79 .. 


3.4 


22 


7tm 1 


2/2 


784 


827 .. 


207 


259 .] 


1.1 


11 



Alignments of top-scoring domains: 

LRRNT: domain 1 of 1, from 34 to 65: score 27 2, E « 0.00038 
*^>aCpreCtCsp..fglvVdCsgrgLUevPrdlP<-* 
aCp++C+C-H+ 1+dCs-H-gL +vPdl 
15088 34 ACPAPCHCQEdglMLSADCSELGLS-AVPGDLD 65 

LRR: domain 1 of 1 6, from 67 to 90: score 12.4, E= II 
*->nLeeLdLsnNJ-tslppglfsnLp<-* 
+LdLsN+Lt+lpglf++L+ 
15088 67 LTAYLDLSMNnLTELQPGLFHHLR 90 

LRR: domain 2 of 16 t from 91 to 1 14: score 24.2, E- 0.0031 
* ■>nLeeLdLsnN.LtsIppglfsnLp<-* 
LceL+Ls+N+L-4-M-p +fs+L 
15088 91 FLEELRLSGNhLSHlPGQAFSGLY 114 

LRR: domain 3 of 16, from 1 15 to 138: score 19.9, E = 0.062 
4 ->nLeeLdLsnN.LtslppglfsnLp<-* 
+L+ L L+nN+L ++p +++ Lp 
15088 115 SLKlLMLQNNqLGGIPAEALWELP 138 

LRR: domain 4 of 16, from 139 to 162: score 16.4. fe « 0.7 
*->nLeeLdLsnN.LtslppglfsnLp<- # 
+L++L+L+ N ++ +p+ +f++L+ 
15088 139 SLQSLRLDANIISLVPERSFEGLS 162 

LRR: domain 5 ofl6. from 163 to 186: score 27.5. E = 0.00031 
•->nLceLdLsnN.Ltslppg!fsnLp<- f 
+L++L+L++N Lt-H-p +++nLp 



FIGURE 10 
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15088 163 SLRHLWLDDNaLTEIPVRALNNLP 186 

LRR: domain 6 oi l 6, from 187 to 210: score 12.1. E = 13 
♦-> n LccLdLsnN.UslppglfsnLp<-» 
L+ L N ni » i p+ +ftnL+ 
15088 187 ALQAMTLALNrlSHIPDYAFQNLT 210 

LRR: domain 7 of 16, from 21 1 to 234: score 21.6, E = 0.019 
*->nLeeLdLsnN.Us!ppglfsnLp<- # 
+L+L+L+nN++++l ++f++L 
15088 211 SLVVLHLHNNrlQHLGTHSFEGLH 234 

LRR: domain 8 of 16, from 235 to 257: score 18.2, E » 0.2 
*->nUcLdLsnN.UslppglfsnLp<-* 
nLe+LdL++N+L-H-+p +++L 
15088 235 NLETLDLNYNkLQEFPV-AlRTLG 257 

LRR: domain 9 of 1 6, from 253 to 28 1 : score 19.0, E * 0. 1 1 
*-> n UcLdLsnN.LtslppglfsnLp<-* 
+L+cL ++nN+++ +p+-H-f+ p 
15088 258 RLQELGFHNNnlKAIPEKAFMGNP 281 

LRR: domain 10 of 16, from 282 to 305: score 10.2, E - 32 
*->nUeLdLsnN.LtslppglfsnLp<-* 
L-H-H-f +N+++ -fe»*+f+ Lp 
1^088 282 LLQTlHFYpNplQFVGRSAFQYLP 305 

» *- '* 

LRR: domain 1 1 of 16, from 306 to 328: score 5.6, E « 1.5e+02 
♦OTiLeeLdLsnN..LtslppglfsnLp<-* 
+L++L+L++ M i M p+ +++ + 
15088 306 KLHTLSLNGAmdlQEFPD-LKGTT 328 

LRR: domain 12 of 1 6, from 329 to 352: score 8.8, E » 52 
*^nLccLdLsnN.Lts!ppglfsnLp<-* 
+Lc L L + +++ Ip+g +++Lp 
15088 329 SLElLTLTRAglRLLPSGMCQQLP 352 

LRR: domain 13 of 16, from 353 to 374: score 19.2, E *= 0.097 
*^nUcLdLsnN.UslppglfenLp<-* 
+L++L Ls+N++++lp+ ++ ++ 
15088 353 RJLRVLELS HNqlEELPS-LHRCQ 374 

LRR: domain 14 of 1 6, from 375 to 398: score 1 6.9, E = 0.49 
*->nLecLdUnNXtsIppglfsnLp<-* 
+Lee+L++N++++ ++fe+L+ 
15088 375 KLEElGLQHNrlWEIGADTFSQLS 398 

LRR: domain 15 of 16, from 399 to 422: score 23.7, E - 0.0042 
*->nLeeLdLsnN.LtslppglfsnLp<-» 
+L+ LdLs N ++s++p++fs L 
15088 399 SLQALDLSWNalRSIHPEAFSTLH 422 

LRR: domain 16 of 16, from 423 to 446: score 16.4, E - 0.66 
*->nUeLdLsnN.LtsippglfsnLp<-* 
+L+LdL+N+U+lp ++L 
15088 423 SLVKLDLTDNqLTTLPLAGLGGLM 446 

7tro_l: domain 1 of 2, from 635 to 662: score 3.4, E = 22 
*->dWpfOsalCklvtaldwnmyaSillLta<-* 
+W G ++C+ v+ + aS+UU+ 
15088 635 RWETG-LGCRATGFLAVLGS EASVLLLTL 662 

7tm_l : domain 2 of 2, from 784 to 827: score 1.1, E~ II 

*->lCWIPyfivllldtlc.lsiimsstCelervlptallvllwLayvNs 

1+P + + ++I++ Mltlll V |++ + + 

15088 784 LLYCPVAFLSFASMLG1FPV TPEAVKSVLLVVLPLPA 820 

clNPHY<-» 
CINP++Y 
15088 82 1 CLNPLLY 827 



FIGURE 10 cont 



15/31 



WO 01/85768 



PCT/US01/15002 



// 

Searching for complete domains in SMART 

hmmpfam - search a single seq against HMM database 

HMMER 2.1.1 (Dec 1998) 

Copyright (C) 1992-1998 Washington University School of Medicine 
HMMER is freely distributed under the GNU General Public License (GPL) . 



HMM file: 
Sequence file: 



/ddiu/robison/smart/smart /smart . all . hmros 
/prod/ddm/wspace/orfanal/oa-script. 12184 .seq 



Query: 15088 



Scores for sequence family classification (score includes all domains): 
Model Description 



LRR__typ_2 

LRR_PS_2 

LRR~sd22_2 

lrrntl 

LRR__bac_2 

LRR RI 2 



Score 


E-value 


N 


247.2 


2.3e-70 


14 


78.1 


1.8e-19 


13 


33.5 


4.9e-06 


5 


25.7 


0.0011 


1 


11.8 


3 


7 


5.4 


7.7 


4 



Parsed for domains 
Model 



Jjrrntl 

LRR_PS_2 

LRfTtyp 2 

LRRJbac~2 

LRR_PS_2 

LRR_typ_2 

LRR_RI_2 

LRR_bac_2 

LRR PS_2 

LRR_typ_2 

LRR_bac_2 

LRR_PS_2 

LRR_typ 2 

1RR_PS_2 

LRR typ 2 

LRR~sd22_2 

LRR_RI_2 

LRR_PS_2 

LRR_typ_2 

LRR_PS_2 

LRR_typ_2 

LRR_RIJ2 

LRR_sd22_2 

LRR_bac_2 

LRR_typ_2 

LRR_PS_2 

LRR_bac 2 

LRR PS 2 

LPjTtyp_2 

LRR_typ~~2 

LRR_bac~2 

LRR PS 2 

LRR_sd22_2 

LRR~typ 2 

LRR_RI_2 

LRR_PS^2 

LRR_typ 2 

LRR_sd22_2 

LRR_PS_2 

LRR_typ_2 

LRR_bac 2 

LRR_sd22_2 

LRR_PS_2 

LRR_typ 2 



Domain 



seq-f 



seq-t 

— — V 


hmm— f hnuo— 1 




score 



E-value 


1/1 


34 
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0.0011 
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64 


88 


1 24 
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12.6 


2.1 
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89 
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0.9 
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1 24 
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17.2 
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1 " 24 
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3.6 
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3/14 
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1 24 
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19.2 


0.1 


3/7 


137 


156 .. 


1 20 


u 


0.1 


le+02 


4/13 


137 


159 .. 


1 24 


i) 


7.1 


24 


4/14 


137 


160 .. 


1 24 


n 


25.9 


0.00095 


5/13 


161 


183 


1 24 


n 


11.4 


6.6 


5/14 


161 


184 .. 


1 24 


[] 


27.5 


0.00031 


1/5 


161 


187 .. 


1 22 


n 


5.3 


31 


2/4 


161 


190 .. 


1 28 


[] 


5.3 


8 


6/13 


185 


207 .. 


1 24 


u 


7.0 


25 


6/14 


185 


208 .. 


1 24 


n 


23.2 


0.0062 


7/13 


209 


232 .. 


1 24 


[] 


3.1 


79 


7/14 


209 


232 .. 


1 24 


[] 


28.1 


0.0002 


3/4 


209 


235 .. 


1 28 


n 


1.2 


31 


2/5 


209 


235 .. 


1 22 


n 


13.5 


3 


4/7 


233 


252 .. 


1 20 


u 


10.7 


4.1 


8/14 


233 


255 


1 24 


u 


16.1 


0.76 


8/13 


233 


255 


1 24 


u 


17.1 


0.43 


5/7 


256 


275 .. 


1 20 


f] 


0.2 


le+02 


9/13 


256 


278 


1 24 


t) 


2.9 


85 


9/14 


256 


279 .. 


1 24 


[] 


24.4 


0.0026 


10/14 


327 


350 .. 


1 24 


E) 


3.1 


29 


6/7 


351 


370 .. 


1 20 


(1 


14.6 


1.3 


10/13 


351 


372 .. 


1 24 


[] 


10.8 


8 


3/5 


351 


372 


1 22 


U 


7.6 


16 


11/14 


351 


373 


1 24 


n 


18.8 


0.13 


4/4 


351 


378 . . 


1 28 


[] 


2.6 


19 


11/13 


373 


396 


1 24 


u 


2.3 


le+02 


12/14 


374 


396 .. 


1 24 


n 


6.8 


10 


4/5 


397 


418 . . 


1 22 


[] 


7.0 


19 


U2/1-3 


.397 


. ..419 :. 


..'.-I- 24 


n 


13.6 


' 3.4 


13/14 


397 


420 . . 


1 24 


[j 


30.4. 


4.3e-05 


7/7 


421 


440 .. 


1 20 


[] 


5.8 


18 


5/5 


421 


441 


1 22 


o 


3.7 


: 49 


13/13 


421 


442 . . 


1 24 


u 


5.5 


39 


14/14 


421 


444 .. 


1 24 


u 


21.6 


0.018 
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lxmtl: domain I of 1, from 34 to 70: score 25.7, E « 0.0011 

*->qCPapCtCsp.digtaVdCsgrgLttlevPldlPadttl<-* 
+CPapC+C ++ ++ dCs++gL +vP dl + t + 
15088 34 AC PA PCH CQEdG IMLS A DC S ELGLS — A V PG DL DPLT A Y 70 

LHR_PS_2: domain 1 of 13, from 64 to 87: score 1.9, E - 1.2e+02 
*->LtsL.gvLdLsnNnLsGeIPsslgn<-* 
L L+ +LdLs NnL+ e+ + 1+ 
15088 64 LD PLtAYLDLSMNNLT- ELQPGLFH 87 

I«KR_typ_2: domain 1 of 14, from 64 to 88: score 12.6, E - 2.1 
*->LpnL.reLdLsnNqLtsLPpgaFqg<-* 
L L+ LdLs N+Lt+L pg+F++ 
15088 64 L DPLt A YLDLSMNNLTELQPGLFHH 88 

LRR_bac_2: domain 1 of 7, from 89 to 108: score 0.9, E = 80 
*->PpsLkeLnvsnNrLteLPeL<-* 
+L+eL-»- S+N+L+ P 
15088 89 LRFLEELRLSGNHLSHIPGQ 108 

LRR_PS_2: domain 2 of 13, from 89 to 111: score 17.2, E = 0.4 
*->LtsLqvLdLsnNnLsGeIPsslgn<~* 
L+ L++L+Ls+N+Ls +IP + ++ 
15088 89 LRFLEELRLSGNHLS-HIPGQAFS 111 

;LRR _ t yP_2: domain 2 of 14, from 89 to 112: score 32.1, E » 1.3e-05 
- "* *->LpnLreLdLsnNqLtsLPpgaFqg<-* 
1*+ L+eL+Ls+N+L+++p +aF+g 
15088 ; -'89 LRFLEELRLSGNHLSHI PGQAFSG 112 

I*RR_RI_2: domain 1 of 4, from 89 to 115: score 3.6, E » 14 
* ->npsLreLdLsnNkl . gdeGaraLaeaLks<~* 
++ L+eL+Ls+N+l+++ G + ++L s 
15088 89 LRFLEELRLSGNHLSHI PG — QAFSGLYS 115 

LRR_bac_2: domain 2 of 7, from 113 to 132: score 1.6, E = 66 
*->PpsLkeLnvsnNrLteLPeL<-* 
sLk+L +nN+L P+ 
15088 113 LYSLKILMLQNNQLGGIPAE 132 

L*RJ?S_2: domain 3 of 13, from 113 to 136: score 1.1, E » 1.5e+02 
*->LtsLqvLdLsnNnLsGeIPsslgn<-* 
L SL++L L+nN+L G +1+ 
15088 113 L YSLK I LMLQN NQLGG I PAEALWE 136 

LRR _ t VP_2: domain 3 of 14, from 113 to 136: score 19.2, E - 0.1 
*->LpnLreLdLsnNqLtsLPpgaFqg<~* 
It +L+ L L+nNqL +P++a++ 
15088 113 L YSLK I LMLQN NQLGG I PAEALWE 136 

U»_bac_2: domain 3 of 7, from 137 to 156: score 0.1, E « le+02 • 
*->PpsLkeLnvsnNrLteLPeL<-* 
psL++L+ + N ++ Pe 
1508B 137 LPS LQSLRLDANL I SLVPER 156 

LRR _ PS — 2: domain 4 of 13, from 137 to 159: score 7.1, E * 24 
* ->Lt sLqvLdLsnNnLsGel Ps slgn<- * 
L+sLq+L+L N +s +P+ 4 
15088 137 LPS LQSLRLDANLI S - L V PERS FE 159 

LRR_typ_2: domain 4 of 14, from 137 to 160: score 25.9, E ■» 0.00095 
*->LpnLreLdLsnNqLtsLPpgaFqg<-* 
Lp+L++L+L+ N ++ +P++ F+g 
. i 15088. 137.. LPSLQSLRLDANLISLVPERSFEG ' 16D . '• 

LRR_PS_2: domain 5 of 13, from 161 to 183: score 11.4, E « 6.6 
*->LtsLqvLdLsnNnLsGeIPsslgn<-* 
L+SL++L L +N L+ elP n 
15088 161 LSSLRHLWLDDNALT-EX PVRALN 183 

LRR « t YP_ 2: domain 5 of 14, from 161 to 184: score -27 .-5,- "e 0.00031 
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"->LpnLreLdLsnNqLtsLPpgaFqg<-* 
L++Lr+L L++N+Lt++P +a+++ 
15088 161 LSSLRHLWLDDNALTEI PVRALNN 184 

LBR_sd22_2: domain 1 of 5, from 161 to 187: score 5.3, E - 31 

*->LtnLeeLdLsqNkI kkiENLde<-* 

L+ L++L+L +N +++ + + + NL 
15088 161 LSSLRHLWLDDNALteipvRALNNLPA 187 

I*R_RI_2: domain 2 of 4, from 161 to 190: score 5.3, E - 8 
*->npsLreLdLsnNklgdeGaraL . . aeaLks<-« 
++sLr L+L +N 1++ +raL++ aL++ 
15088 161 LSSLRHLWLDDNALTEI PVRALnnLPALQA 190 

LRR_PS_2: domain 6 of 13, from 185 to 207: score 7.0, E - 25 
*->LtsLqvLdLsnNnLsGeIPsslgn<-* 
L+ Lq L+ N++s +IP+ ++ 
15088 185 LPALQAMTLALNRIS-HI PDYAFQ 207 

LRB_typ_2: domain 6 of 14, from 185 to 208: score 23.2, E ■ 0.0062 
*->LpnLreLdLsnNqLtsLPpgaFqg<-* 
Lp+L+ L N+++++P+ aFq+ 
15088 185 LPALQAMTLALNRISHI PDYAFQN 208 

LKRJ?Sj2: domain 7 of 13, from 2ft9 to 232: score 3.1, E « 79 
*->LtsLqvLdLsnNnLsGeIPsslgn<-* 
LtsL+vL+L+nN++ s+ 
15088 209 LTSLVVLHLHNNRIQHLGTHSFEG 232 

LRR_typ_J2: domain 7 of 14, from 209 to 232: score 28.1, E a 0.0002 
*->LpnLreLdLsnNqLtsLPpgaFqg<-* 
L++L +L+L+nN++++L F+g 
15088 209 LTSLVVLHLHNNRIQHLGTHSFEG 232 

LKR_RI_2: domain 3 of 4, from 209 to 235: score 1.2, E = 31 
*->npsLreLdLsnNklgdeGaraLaeaLks<-* 
++sL +L+L nN + G + e+L+ 
15088 209 LT S L WLHLHNNR1 QHLGT H S F- EGLHN 235 

LRR_sd22_J2: domain 2 of 5, from 209 to 235: score 13.5, E = 3 

*->LtnLeeLdLsqNkI kkiENLde<-* 

Lt L++L L +N+I++ +++++E+L++ 
15088 209 LTSLWLHLHNNRIqhlgtHSFEGLHN 235 

LRR_bac_2: domain 4 of 7, from 233 to 252: score 10.7, E =» 4.1 
* ->Pps LkeLnvsnNrLteLPeL< - * 
++L++L+ ++N+L e+P 
15088 233 LHNLETLDLNYNKLQEFPVA 252 

LRR_typ_2: domain 8 of 14, from 233 to 255: score 16.1, E = 0.76 
*->LpnLreLdLsntJqLtsLPpgaFqg<-* \ 
L+nL++LdL++N+L++ P + + 
15088 233 LHNLETLDLNYNKLQEFPVAI-RT 255 

I*RR_PSJ2: domain 8 of 13, from 233 to 255: score 17.1, E - 0.43 
*->LtsLqvLdLsnNnLsGeIPsslgn<-* 
L++L++LdL++N+L e+P + 
15088 233 LHNLETLDLNYNKLQ-EFPVAIRT 255 

LRR_bac_2: domain 5 of 7, from 256 to 275: score 0.2, E • le+02 
*->PpsLkeLnvsnNrLteLPeL<-* 
+L+eL+ nN+++ Pe 
15088 256 LGRLQELGFHNNNIKAIPEK 275 

LRR_PS_2; domain 9 of 13, from 256 to 278: score 2.9, E « 85 
*->LtsLqvLdLsnNnLsGeIPsslgn<-*' 
L +Lq+L ++nNn+ IP+ + 
15088 256 LGRLQELGFHNNNIK-AIPEKAFM 278 

LKR_typ_2: domain 9 of 14, from 256 to 279: score 24.4, E » 0,0026 
*->LpnLreLdLsnNqLtsLPpgaFqg<-* .* ' 
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L+ L+eL -nN*++++p+ aF g 
15088 256 LGRLQELGFHNNNI KAI PEKAFMG 279 

LRR_typ_2: domain 10 of 14, from 327 to 350: score 3.1, E «■ 29 
*->LpnLreLdLsnNqLtsLPpgaFqg<-* 
++L+ L L + ++ LP+g++q 
15088 327 TTSLEI LTLTRAGI RLLPSGMCQQ 350 

LRR_bac_2: domain 6 of 7, from 351 to 370: score 14.6, E = 1.3 
*->PpsLkeLnvsnNrLteLPeL<-* 
p+L+ L s+N+++eLP L 
15088 351 LPRLRVLELSHNQIEELPSL 370 

LRR _ PS _ 2: domain 10 of 13, from 351 to 372: score 10.8, E ~ 8 
*->LtsLqvLdLsnNnLsGeIPsslgn<-* 
L++L+vL+Ls+N++ e+Ps 1 + 
15088 351 LPRLRVLELSHNQI E-ELPS-LHR 372 

LRR_sd22_2: domain 3 of 5, from 351 to 372: score 7.6, E - 16 
*->LtnLeeLdLsqNkIkkiENLde<-* 
L +L++L+LS+N+I+ + l+ 
15088 351 LPRLRVLELSHNQI EE LPS LHR 372 

I *RjOT_2: domain 11 of 14, from 351 to 373: score 18.8, E « 0.13 

*->LpnLreLdLsnNqLtsLPpgaFqg<-* '* * 

Lp Lr+L Ls+Nq+++LP 4 • ■ 

15088 351 LPRLRVLELSHNQI EELP-SLHRC 373 

*RR_ia_2: domain 4 of 4, from 351 to 378: score 2.6, E - 19 
*->npsLreLdLsnNklgdeGaraLaeaLks<-* 
+p+Lr+L Ls+N + + + ++ l++ 
15088 351 LPRLRVLELSHNQI EELPSLHRCQKLEE 378 

LRR_PS^_2:, .domain il of 13, from 373 to 396: score 2.3, E = le+02 
*->LtsLqvLdLsnNnLsGeIPsslgn<-* 
+++L+++ L++N++ +++++ 
15088 373 CQKLEEIGLQHNRIWEIGADTFSQ 396 

I*RR_typ_2: domain 12 of 14, from 374 to 396: score 6.8, E *= 10 
* - > LpnLreLdLsnNqLt sL Ppga Fqg< - * 
+L+e L++N++ ++ +++F+ 
15088 374 -QKLEEIGLQHNRIWEIGADTFSQ 396 

I 1 RR_sd22J2: domain 4 of 5, from 397 to 418: score 7.0, E » 19 
*->LtnLeeLdLsqNkIkkiENLde<-* 
L+ L+ LdLs+N I++i 
15088 397 LSSLQALDLSWNAIRS I H PEAF 418 

LRR_PS_2: domain 12 of 13, from 397 to 419: score 13.6, E - 3.4 
*->LtsLqvLdLsnNnLsGeIPsslgn<-* 
L+sLq LdLs+N + +1 ++ ++ 
15088 397 LS SLQALDLSWNAI R- S I HPEAFS 419 

lRR_typ_2: domain 13 of 14, from 397 to 420: score 30.4, E - 4.3e-05 
*->LpnLreLdLsnNqLtsLPpgaFqg<-* 
L++L+ LdLs+N+++s++p+aF+ 
15088 397 LSSLQALDLSWNAIRS I HPEAFST 420 

LRRjbacJ2: domain 7 of 7, from 421 to 440: score 5.8, E - 18 
*->PpsLkeLnvsnNrLteLPeL<-* 
+sL +L+ +N+Lt+LP 
15088 421 LH S L VKL DLTDNQLTT L P LA 440 

LRR_sd22_2: domain- 5 of 5,.. from -421 to 441: score 3.7, E. = 49 
*->LtnLeeLdLsqNkIkkiENLde<-* 
L+ L+ LdL +N+++ + L + 
15088 421 LHSLVKLDLTDNQLTTL-PLAG 441 

LRR_PS_2: domain 13 of 13, from 421 to 442: score 5.5, E = 39 
*->LtsLqvLdLsnNnLsGeIPsslgn<-* 
L+SL+ LdL -'■N+L+ ++P g 
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15088 421 LHSLVKLDLTDNOLT-TLPL-AGL 442 

I*RK_typ_2: domain 14 of 14, from 421 to 444: score 21.6, E - 0.018 
♦->LpnLreLdLsnNqLtsLPpgaFqg<-* 
L++L +LdL +NqLt+LP ++g 
15088 421 LH SL VKLDLT DN QLTT LP LAGLGG 444 

// 
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GAP of: FrGcgManager_101_HTAUB3ha__ check: 2817 from: 1 to: 3637 
mLGR6 - 1 (analysis only) - Import - complete 

to: FrGcgManager_101_ITA0fLsO_ check: 3059 from: 1 to: 2711 

corrected human LGR6 (analysis o - Import - complete 

Symbol comparison table: 
/ddm_local/gcg/gcg_9 . 1/gcgcore/data/rundata/nwsgapdna . cmp 
CompCheck: 8760 

Gap Weight: 12 Average Match: 10.000 

Length Weight: 4 Average Mismatch: 0.000 

Quality: 21826 Length: 3688 

Ratio: 8.051 Gaps: 20 

Percent Similarity: 84.248 Percent Identity: 84.211 

'Match display thresholds for the alignment (s) sr 
I - IDENTITY . . " 

: 5 
. = 1 

FrGcgManager_101_HTAUB3ha_ x FrGcgManager_101_ITA0f LsO_ 



901 CCCACAGCTTCGAGGGGCTGCACAATCTGGAGACACTAGACCTGAACTAT 950 MOUSE 

I I I M I I I I I I I II I I I 1 ! I I II II I I I II II Ml 
1 GGGCTGCACAATCTGGAGACACTAGACCTGAATTAT 36 HUMAN 

951 AATGAGCTGCAGGAGTTCCCCTTGGCTATCCGGACCCTGGGCAGACTGCA 1000 

I I 1 I 1 11 I I I I I I I 1 I 1 I I 1 II M I I I I I I I I II I I I I I II I M I 

37 AACAAGCTGCAGGAGTTCCCTGTGGCCATCCGGACCCTGGGCAGACTGCA 86 

1001 AGAATTGGGTTTCCATAACAACAACATCAAGGCTATCCCAGAGAAAGCCT 1050 

1)1 I I I I II I III II II II II III I I UN I I II I Ml II MM 
87 GGAACTGGGGTTCCATAACAACAACATCAAGGCCATCCCAGAAAAGGCCT 136 
. . • • • 

1051 TCATGGGCAACCCTCTCCTGCAGACAATACATTTTTATGACAACCCAATC 1100 

II I I I II I II II M I M I I I II Mill I I II I II I I I II III I I 

137 TCATGGGGAACCCTCTGCTACAGACGATACACTTTTATGATAACCCAATC 186 

1101 CAGTTTGTGGGAAGGTCAGCATTCCAGTACCTGTCTAAACTGCATACGC.T. 1150. 
I I I I I I II I II I II II M I I I I I II I I II I I • M I II II M II I I 
187 CAGTTTGTGGGAAGATCGGCATTCCAGTACCTGCCTAAACTCCACACACT 236' 

1151 ATCTTTGAATGGTGCCACTGATATCCAAGAGTTCCCAGACCTCAAAGGCA 1200 
I II I I I M II I I I II I II I I I I I I II M II II I I I II M M II 
237 ATCTCTGAATGGTGCCATGGACATCCAGGAGTTTCCAGATCTCAAAGGCA 286' 

1201 CCACTAGCCTGGAGATCCTGACCCTGACgCGTGCGGGCATCAGACTGCTC 1250: 
Mil M II M I I I M I I I II I I I II I I j II I I 'HIMI I llll II 
287 CCACCAGCCTGGAGATCCTGACCCTGACCCGCGCAGGCATCCGGCTGCTC 336 

1251 CCACCGGGAGTGTGCCAACAGCTGCCTAGGCTCCGAATCCTGGAGCTGTC 1300 

III II It M II II II I M I I M I I I M M I M I 1 M M I M M I 

337 CCATCGGGGATGTGCCAACAGCTGCCCAGGCTCCGAGTCCTGGAACTGTC 386 
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1301 TCATAATCAGATCGAGGAGTTACCCAGCCTGCACAGATGTCAGAAGCTGG 1350 
111 Mill I I I I I I I I I I I I II I I I II I M I I I I I I II I Mi 
387 TCACAATCAAATTGAGGAGCTGCCCAGCCTGCACAGGTGTCAGAAATTGG 4 36 

1351 AGGAAATTGGCCTCCGACATAACAGGATCAAGGAAATTGGTGCAGATACC 14 00 
IMIMI I M M ) I Ml III I Ml I ! 1 1 I f I 1 1 II II III 
4 37 AGGAAATCGGCCTCCAACACAACCGCATCTGGGAAATTGGAGCTGACACC 486 

1401 TTCAGCCAGCTGGGCTCCTTGCAAGCTTTAGACCTGAGTTGGAATGCCAT 1450 
MMMMMM MM) MIMII I II II II Mill IIMI 
487 TTCAGCCAGCTGAGCTCCCTGCAAGCCCTGGATCTTAGCTGGAACGCXAT 536 

1451 CCGTGCCATCCACCCTGAGGCTTTCTCAACCCTTCGATCCTTGGTTAAGC 1500 
III M II I I I M M I M I I MM) M I M I III I II I I II I 
537 CCGGTCCATCCACCCTGAGGCCTTCTCCACCCTGCACTCCCTGGTCAAGC 586 • 

1501 TGGACCTGACTGACAACCAGCTGACCACACTGCCCCTGGCTGGGCTGGGA 1550 

II I MM Ml I M I M I 1. 1 M M M I I M 1 ) ) ) 1 I M ) II I ) II II 

587 TGGACCTGACAGACAACCAfeCTGACCACACTGCCCCTGGCTGGACrrTGGG 636 

1551 GGCCTGATGCACCTGAAGCTCAAAGGGAACTTGGCCCTGTCTCAGGCCTT 1600 

II I I M I M 1 Mil M M M M II M M I II M M II I II M I 

637 GGCTTGATGCATCTGAAGCTCAAAGGGAACCTTGCTCTCTCCCAGGCCTT 686 

1601- CTCCAAGGACAGTTTCCCAAAACTGAGGATCCTGGAGGTGCCCTACGCCT 1650 

I 1 1 I I II M I II M M i I I M M I M M II M M M 1 I I M I M MM 

687 CTCCAAGGACAGTTTCCCAAAACTGAGGATCCTGGAGGTGCCTTATGCCT 736 

1651 ACCAGTGCTGTGCCTACGGCATCTGTGCCAGCTTCTTCAAGACCTCTGGG 1700 
MIMIIIMI MM I I II I M 1 11 I M M I I M M I MMMM 
737 ACCAGTGCTGTCCCTATGGGATGTGTGCCAGCTTCTTCAAGGCCTCTGGG 786 

1701 CAGTGGCAGGCCGAGGACTTTCATCCAGAAGAAGAGGAGGCACCAAAGAG 1750 

II M I I MM II II I II II I M II II Ml I ( MM M 

787 CAGTGGGAGGCTGAAGACCTTCACCTTGATGATGAGGAGTCTTCAAAAAG 836 

1751 GCCCCTGGGTCTCCTTGCTGGACAAGCTGAGAACCACTATGACCTAGACC 1800 
I I I I M I I I II MM II MIMII II I I II I I II II I M I MM 
8 3 1 GCCCCTGGGCCTCCTTGCCAGACAAGCAGAGAACCACTATGACCAGGACC 886 

1801 TGGATGAGCTCCAGATGGGGACAGAGGACTCAAAGCCAAACCCCAGTGTC 1850 
MMIMMIMM III II I I I 1 1 t 1 I I I I 1 I I ! MIMIIIMI 
887 TGGATGAGCTCCAGCTGGAGATGGAGGACTCAAAGCCACACCCCAGTGTC 936 . 

1851 CAGTGCAGCCCTGTTCCAGGCCCCTTCAAGCCCTGCGAGCACCTCTTTGA 1900 
I II I I M M II I II I I II I II I I I I I I II I M III II II I M I M • ; 
937 CAGTGTAGCCCTACTCCAGGCCCCTTCAAGCCCTGTGAGTACCTCTTTGA 986 

1901 (?AGCTGGGGCATCCGCCr.TGPTGTGTGGGCCATCGTGCTGCTCTCCGTAC 1950 
Mil I M II II I I II I I M II Ml 11 II M I II I • II Ml I M I I I 
987 AAGCTGGGGCATCCGCCTGGCCdTGTGGGCCATCGTGTTGCTCTCCGTGC 1036 

1951 TCTGTAACGGGCTGGTGCTGCTGACAGTCTTTGCCAGCGGACCCAGCCCG 2000 

MM II M M I I I I I I II I II I II V\ I I. ■ M.I I II ' Ml 
1037 TCTGCAATGGACTGGTGCTGCTGACCGTGTTCGCTGGCGGGCCTGCCCCC 1086 

2001 CTGTCCCCCGTCAAGCTTGTGGTGGGTGCCATGGCAGGCGCCAACGCCCT 2050 

lit II I I I M II I MIMII I I I I I II I II I II II I M M II I 
1087 CTGCCCCCGGTCAAGTTTGTGGTAGGTGCGATTGCAGGCGCCAACACCTT 1136 
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2051 GACGGGCATTTCCTGTGGTCTCCTGGCCTCTGTGGACGCGTTGACCTATG 2100 

Ml II I I I I I I I I I II 1 II II I I I I I 11 II III I I I I I I II 
1137 GACTGGCATTTCCTGTGGCCTTCTAGCCTCAGTCGATGCCCTGACCTTTG 1186 

2101 GTCAGTTCGCTGAGTATGGAGCCCGCTGGGAGAGCGGTCTGGGCTGCCAG 2150 

II I I If II I I II II I I I I I I I I II I I II I I I II II II II I I I I 
1187 GTCAGTTCTCTGAGTACGGAGCCCGCTGGGAGACGGGGCTAGGCTGCCGG 1236 

2151 GCTACGGGCTTCCTGGCTGTCCTGGGTTCAGAGGCGTCGGTGCTGCTGCT 2200 

II II II I III I MM II II I I M Mill I I I I I I I I I I I I I I 
1237 GCCACTGGCTTCCTGGCAGTACTTGGGTCGGAGGCATCGGTGCTGCTGCT 1286 

2201 CACACTGGCGGCCGTGCAGTGCAGCATCTCTGTGACCTGCGTCCGAGCCT 2250 

Mi Mill II II M I I M I I I I MM II I I I I Mill I II I 
1287 CACTCTGGCCGCAGTGCAGTGCAGCGTCTCCGTCTCCTGTGTCCGGGCCT 1336 

2251 ACGGGAAGGCGCCGTCGCCTGGCAGCGTCCGCGCAGGCGCACTGGGATGC 2300 

I llllll I M II I IIMMII II Mill I M II III 
1337 ATGGGAAGTCCCCCTCCCTGGGCAGCGTTCGAGCAGGGGTCCTAGGCTGC 1386 

2301 ^TGGCGCTGGCCGGGCTGGCCGCAGCACTGCCGCTGGCCTCGGTGGGAGA 2350 

I I III Mill M I I II I M M I M IN M II I I I I M II I I 1 I II 
1387 • CTGGCACTGGCAGGGCTGGCCGCCGCACTGCCCCTGGCCTCAGTGGGAGA 14 36 

• • ■ • . • 

2351 GTATGGCGCCTCCCCACTCTGCCTGCCCTACGCCCCACCCGAGGGCCGGC 2400 

II II I I II I I I II III I II II I II I I I II I II I I I II I II I II 
1437 ATACGGGGCCTCCCCACTCTGCCTGCCCTACGCGCCACCTGAGGGTCAGC 148 6 

2401 CGGCCGCCCTGGGCTTCGCTGTAGCCCTGGTGATGATGAACTCGCTCTGC 2450 

I II M I I I III I II I I II I I I I II II II II I III I Ml I I II 
14 87 CAGCAGCCCTGGGCTTCACCGTGGCCCTGGTGATGATGAACTCCTTCTGT 1536 

2451 TTCCTGGTGGTGGCCGGCGCCTACATCAAGCTCTACTGTGACCTGCCACG 2500 

IIMMII II I I Ml I I M 1 M I M I I M Ml Mi I M M I M I I 
1537 TTCCTGGTCGTGGCCGGTGCCTACATCAAACTGTACTGTGACCTGCCGCG 1586 

2501 GGGTGACTTTGAGGCCGTGTGGGACTGCGCCATGGTGCGCCACGTGGCCT 2550 

Ml M M M M I M i M I f I i t M 1 1 1 1 M 1 I M M I II I I I M I M 
1587 GGGCGACTTTGAGGCCGTGTGGGACTGCGCCATGGTGAGGCACGTGGCCT 1636 

2551 GGCTCATCTTTGCAGATGGCCTCCTCTACTGCCCCGTGGCCTTCCTCAGC 2600 

I M Ml III I III M II I Ml I M III I II II Ml II II I M I I M 
1637 GGCTCATCTTCGCAGACGGGCTCCTCTACTGTCCCGTGGCCTTCCTCAGC 1686 

2601 TTTGCCTCCATGCTGGGCCTCTTCCCTGTCACCCCCGAGGCTGTCAAGTC 2650 

M I M I I I I I I I Ml M I I I II M II I M II I I I I I I I I I I I I I I I I 
1687 TTCGCCTCCATGCTGGGCCTCTTCCCTGTCACGCCCGAGGCCGTCAAqTC 1736 

2651 AGTCCTTCTGGTGGTGCTGCCTCTGCCTGCCTGCCTCAACCCACTGCTCT 27 00 

. . I I.I I I - LM II II I II II II . M II I I Ml M Mill llllll Mil; I 
17*37 TGTCCTGCT?GGTGGTGCTGCCCCTGCCTGCCTGCCTCAACCCACTGCTGT 1786 , 

2701 ACCTGCTGTTCAACCCTCACTTCCGGGATGACCTTCGGCGGCTCTGGCCA 2750 

M I M M II M M I I I Ml II M Mil M Ml M I M M Ml II II 
1787 ACCTGCTCTTCAACCCCCACTTCCGGGAXGACCXTCGGCGGCTTCGGCCC 1836 . 

2751 AGCCCTCGGTCCCCAGGGCCCCTAGCCTACGCTGCAGCCGGTGAGCTGGA 2800 

M I M I M II I I II I II I II I I Mill Mill I I I M II h ' ; 
18 37 CGCGCAGGGGACTC AGGGCCCCT AGCCTATGCTGCGGCCGGGGAGCTGGA 188 6 
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2801 GAAGAGCTCCTGCGACTCCACCCAAGCGCTGGTGGCTTTCTCAGATGTGG 2850 

I I I I I I II I I I I II II lllll II Mill II I II I I I I II I I I 
1887 GAAGAGCTCCTGTGATTCTACCCAGGCCCTGGTAGCCTTCTCTGATGTGG 1936 

2851 ATCTTATTCTGGAAGCTTCTGAGGCTGGGCAGCCTCCTGGGCTAGAGACC 2900 

I I 1 I I I I I I 1 II I I I I I I I I I II I I 11 I 111 I I I I I I I I 1(1111 
1937 ATCTCATTCTGGAAGCTTCTGAAGCTGGGCGGCCCCCTGGGCTGGAGACC 1986 

2901 TATGGCTTCCCTTCAGTGACCCTCATCTCCCGACATCAGCCGGGGGCCAC 2950 

I I I I I I I I I I I I I II I I II I I 1 I I I I I I I I II I 1 I II I I I 1 I I I 
1987 TATGGCTTCCCCTCAGTGACCCTCATCTCCTGTCAGCAGCCAGGGGCCCC 2036 

2951 CAGGCTGGAGGGAAACCATTTTATAGAGTCTGATGGAACCAAGTTTGGGA 3000 

I I II I It I 1 1 II I lllll I lllll I II II I I I I I I I I I I 
2037 CAGGCTGGAGGGCAGCCATTGTGTAGAGCCAGAGGGGAACCACTTTGGGA 2086 

3001 ACCCACAACCTCCCATGAAGGGAGAACTGCTGCTGAAGGCAGAGGGAGCC 3050 

I II I lllll lllll I I I I I II I I I I I I I I I I I I I I 1 I I I I I I 
2087 ACCCCCAACCCTCCATGGATGGAGAACTGCTGCTGAGGGCAGAGGGATCT 2136 

3051 ACTTTGGCAGGCTGTGGCTCTTCCGTGGGTGGAGCCCTCTGGCCCTCTGG 3100 
II- lllll lllll I I I I I! I I I I I I I I II I I I I I 
. 2137 AtGCCAGCAGGTGGAGGCTTGTCAGGGGGTGGCGGCTTTCAGCCCTCTGG 2186 

3101 CTCTCTCTTTGCCTCTCACTTGTAAATATCCCT 3133 

/II I I I I I I I I I I I I I I I M I I I I I I I 

2187 CTTGGCCTTTGCTTCACACGTGTAAATATCCCTCCCCATTCTTCTCTTCC 2236 

3134 . CTCTGTT . . . TGTC . - CTCTCCCCATC . . . CAATGATGGCTGCTTATAA 3174 

I I I I I I III I I I I I 1 I I I I I II II I I I I I II II I I I 
2237 CCTCTCTTCCCTTTCCTCTCTCCCCCTCGGTGAATGATGGCTGCTTCTAA 2286 

3175 AAGAAAGACAACTCCAAC TCCATAGCAAGATGGCCAAC 3212 

I I I 1 I I I I I I III M I II I II I I I U I I I 

2287 AACAAATACAACCAAAACTCAGCAGTGTGATCTATAGCAGGATGGCCCAG 2336 

3213 ACCTCTGACTCCATTGTT . . . CTCTCTCCACGACCCCTAACCAATGAGTG 3259 

I III lllll II I I II I II II II I lllll i IN 

2337 TAC.CTGGCTCCACTGATCACCTCTCTCCTGTGACCATCACCAACGGGTG 2.385 . 

3260 CTTCCAAGTCTTGCTTTGTCTTGGCCT . . . TCAGCTTCACTTTCACCCTG 3306 - 
III IIIUUI I II I I M I I I I II I I I 1 I I I I 111 . - 

2386 CCTCTTGGCCTGGCTTTCCCTTGGCCTTCCTCAGCTTCACCTTGATACTG 24 35 
. . • • ... 

3307 GGC . „ CTTCTCTGTCCAATCCAATACTTCTGA. CAGAGGCCTGGGAAATT 3353 
1(1 11 I I I I I I II I 11 II 11)11 11)11 II 

24 36 GGCCTCTTCCTTGTCATGTCTGAAGCTGTGGACCAGAGACCTGGACTTT.T 2,4 85- 

3354 ... TGCATAGGAGAAAGGAGAAAAGCAAAAGACAGTGAAGGTTATTGGGC 34 00 ' 
• • .11 I U nill l.ll .III. Ill II I 1 I I II I I III • 

24 86 GTCTGCTTAAGGGAAATGAGGGAAG . TAAAGACAGTGAAG ,.GGG. 2527 

34 01 CCTGACAGAGCCATGATCAGTAAGTGCAGAGT . GATGGGGAGGTCTCACA 34 4 9 

II 111 Mill M II I M I II Mill MUM 

2528 . . TG . . . G AGGGTTGATC AGGGCACAGTGGACAGGGAGACCTCACA 2 5 6fl • 

34 50 GAGCATGACACTGGAAGACAACTACCAAAGACATTGGAGAGTCTCCCCTG 34 99 . 

Ill I I I II 11 I II llil I I I I II 
2569 GAGAAAGGC . CTGGAAGGTGATTTCC CGTGTGACTC 2 603 
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3500 TGACATATAGAATATAAAATGTGTTCTGCGTTCCATTAATCTTGACCTAT 354 9 

I I I I I III I I I I 1 I I 1 1 I I II II I II I I II I II I I Ml 
2604 . .ATGGATAGGATACAAAATGTGTTCCATGTACCATTAATCTTGACATAT 2651 

3550 GCTGNGCCAAAGTGCTTCCTGTTAAAATACACTTTGGAAGACATTGAAAA 3599 

II : I I II I I I II I I I II I I I I I I II I I I I II I I I I I I I 
2652 GCCATGCATAAAGACTTCCTATTAAAATAAGCTTTGGAAGAGATTAAAAA 2701 

3600 AAAAAAAAAAAAAAAAAAAAAAAAAAAAGGGCGGCCGC 3637 

i j 1 1 1 1 1 r r i 

2702 AAAAAAAAAA 2711 
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GAP of: FrGcgManager_102_MTA0uXMaE check: 8470 from: 1 to: 968 
mLGR6.aa (analysis only) - Import - complete 

to: FrGcgManager_102_NTAf7nCl_ check: 5092 from: 1 to: 737 

corrected hLGR6.aa (analysis onl - Import - complete 

Symbol comparison table: /prod/ddm/seqanal/BLAST/matrix/aa/BLOSUM62 
CompCheck: 1102 
Matrix made by matblas from blosum62.iij 

Gap Weight: 12 Average Match: 2.778 

Length Weight: 4 Average Mismatch: -2.24 8 

Quality: 3424 Length: 968 

Ratio: 4.646 Gaps: 0 

Percent Similarity: 90.773 Percent Identity: 89.281 

.. Match display thresholds for the alignment (s) : 
: '■ . '.7 | IDENTITY 

: 2 
. » 1 

FrGcgManager_102_MTA0uXMaE x FrGcgManager_102_NTAf 7nCl_ 



201 IPDYAFQNLTSLWLHLHNNRIQHVGTHSFEGLHNLETLDLNYNELQEFP 250 MOUSE 

I I I I I I I I I I I I I- I I I I I 
1 GLHNLETLDLNYNKLQEFP 19 HUMAN 

251 LAIRTLGRLQELGFHNNNIKAI PEKAFMGNPLLQTIHFYDNPIQFVGRSA 300 
. I I I I I I I I I I 1 1 I I I 1 M I I II 1 1 1 I 1 1 1 1 1 1 1 M I 1 I 1 1 1 1 I 1 M 1 1 1 
20 VAIRTLGRLQELGFHNNNIKAI PEKAFMGNPLLQTIHFYDNPIQFVGRSA 69 

301 FQYLSKLHTLSLNGATDIQEFPDLKGTTSLEILTLTRAGIRLLPPGVCQQ 350 
till I I I I I I I I I I I I I I I I ! I I I I ! I I II I M I I I I II 1.1 I I ..I.I I 
70 FQYLPKLHTLSLNGAMDI QEFPDLKGTTSLE I LTLT RAG I RLLPSGMCQQ 119 

351 LPRLRILELSHNQIEELPSLHRCQKLEEIGLRHNRIKEIGADTFSQLGSL 400 

M I I I : II I I I I I I 1 I I I I I 11 I I I I I II II . I I II 1111111)11 II 
120 LPRLRVLELSHNQIEELPSLHRCQKLEEIGLQHNRIWEIGADTFSQLSSL 169 . . 

401 QALDLSWNAIRAIHPEAFSTLRSLVKLDLTDNQLTTLPLAGLGGLMHLKL 4 50 

II II I I II II I . II M I I II I I I I I I I I I I I 11 I I ! I I I I I I I I II III < * 
170 QALDLSWNAIRSIHPEAFSTLHSLVKLDLTDNQLTTLPLAGLGGLMHLKL. .219 

451 KGNLALSQAFS KDS FPKLRI LEVP YAYQCCAYG ICAS FFKTSGQWQAE DF 500 

I II I II I I I 1 11 II I i ! I I I I I I I I I I I I I I I . I I I I I I II I I : I I I 
220 KGN LALSQAFS KDS FPKLRI LEVP YAYQCC P YGMCAS FFKASGQWEAE DL 269 

501 HPEEEEAPKRPLGLLAGQAENHYDLDLDELQMGTEDSKPNPSVQCSPVPG 550 

1 : : 11 . I I I I I I I I I I I I I I I MINI: i I I I I . i I I I I I f II 
270 HLDDEESSKRPLGLLARQAENHYDQDLDELQLEWEDSKPHPSVQCSPTPG 319 

551 PFKPCEHLFESWGIRLAVWAIVLLSVLCNGLVLLTVFASGPSPLSPVKLV 600 

I I I I I I : I I I I I I I II I I I I I I I I I I I 1 I M I I M I II II.H Mi I 
320 PFKPCEYLFESWGIRLAVWAI VLLSVLCNGLVLLTVFAGG PAPLPPVKFV 369 
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601 VGAMAGANALTGISCGLLASVDALTYGQFAEYGARWESGLGCQATGFLAV 650 

IN - I M I I I I I M I 1 1 M I I I I I : I I I . I I I I I I I • i I I I . M I I I I I 
370 VGAIAGANTLTGISCGLLASVDALTFGQFSEYGARWETGLGCRATGFLAV 419 

651 LGSEASVLLLTLAAVQCSISVTCVRAYGKAPSPGSVRAGALGCLALAGLA 700 

iMIIIIIIiMllllllHl.lllllll.M MINI I MINIMI 
420 LGSEASVLLLTLAAVQCSVSVSCVRAYGKSPSLGSVRAGVLGCLALAGLA 4 69 

701 AALPLASVGEYGASPLCLPYAPPEGRPAALGFAVALVMMNSLCFLVVAGA 750 

lllllllllllllllllllllllll.llllll llllllll M II II I I 
470 AALPLASVGEYGASPLCLPYAPPEGQPAALGFTVALVMMNSFCFLVVAGA 519 

751 Y I KL YCDLPRG DFEA VWDCAMVRH VAWL I FADG LLYC P VAFLS FASMLGL 800 

I I I M I I II I M I II II I i II I I I I II II M M I I II II N I I I M i N I 
520 Y I KL YCDLPRG DFEA VWDCAMVRH VAWL I FADGLLYCPVAFLSFASMLGL 569 

801 FPVTPEAVKS VLLWLPLPACLN PLLYLLFNPH FRDDLRRLWPS PRS PGP 850 

iiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiii i m 

570 FPVT PEA VKS VLLWLPLPACLN PLLYLL FN PH FRDDLRRLRPRAGDSG P 619 

851 LAYAAAGELEKSSCDSTQALVAFSDVDLILEASEAGQ'fPGLETYGFPSVT 900 
. N I M II N I I I M M I I f M I I I 1 N N N I I N I . I I II M I II I I I I 
. 620 LAYAAAGELEKSSCDSTQALVAFSDVDLILEASEAGRPPGLETYGFPSVT 669 

. 901 LlSRHQPGATRLEGNHFIESDGTKFGNPQPPMKGELLLKAEGATLAGCGS 950 
III Nil MINI : I : I I I M I I I I I I I I : I I I . I I I I 
670 LISCQQPGAPRLEGSHCVEPEGNHFGNPQPSMDGELLLRAEGSTPAGGGL 719 

951 SVGGALWPSGSLFASHL* 968 

ill III I II N i 
720 SGGGGFQPSGLAFASHV* 737 
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>15088 

> Fbh 1 50881 - Import - vector trimmed 

CCGCCSGCGGTGCAGCCCGCCGGGACCGC5GAGGCGGCAGCTGCGGCCACCGCGCCGTGCG 
TCCGCGCCCGGCCGCCAGGTGCCCCAGTAGCCCGACCGCCGAGATGCCCAGCCCGCCGGG 
GCTCCGGGCGCTATGGCTTTGCGCCGCGCTGTGCGCTTCGCGGAGGGCCGGCGGCGCGCC 
CCAGCCCGGCCCGGGGCCCACCGCCTGCCCGGCC(XCTGCCACTGCCAGGAGGACGGCAT 
CATGCTGTCTGCCGACTGCTCTGAGCTCGGGCTGTCCGCCGTTCCGGGGGACCTGGACCC 
CCTGACGGCTTACCTGGACCTCAGCATGAACAACCTCACAGAGCTrC^GCCTGGCCTCTT 
CCACCACCTGCGCTTCTTGGAGGAGCTGCGTCTCTCTGGGAACCATCTCTCACACATCCC 
AGGACAAGCATTCTCTGGTCTCTACAGCCTGAAAATCCTGATGCTGCAGAACAATCAGCT 
GGGAGGAATCCCCGCAGAGGCGCTGTGGGAGCTGCCGAGCCTGCAGTCGCTGCGCCTAGA 
TGCCAACCTCATCTCCCTGGTCCCGGAGAGGAGCTTTGAGGGGCTGTCCTCCCTCCGCCA 
CCTCTGGCTGGACGACAATGCACTCACGGAGATCCCTGTCAGGGCCCTCAACAACCTCCC 
TGCCCTGC^GGCC^TGACCCTGG(XCT<^CCGCATCAGCCAC^TCCCCGACTACGCGTT 
CCAGAATCTCACCAGCCTTGTGGTGCTGCATTTGCATAACAACCGCATCCAGCATCTGGG 
GACCCACAGCTTCGAGGGGCTGCACAATCTGGAGACACTAGACCTGAATTATAAGAAGCT 
GCAGGAGTTCCCTGTGGCCATCCGGACCCTGGGCAGACTGCAGGAACTGGGGTTCCATAA 
CAACAACATCAAGGCCATCCCAGAAAAGGCCTTCATGGGGAACCCTCTGCTACAGACGAT 
ACACTTTTATGATAACCCAATCCAGTTTGTGGGAAGATCGGCATTCCAGTACCTGCCTAA 
ACTCCACACACTATCTCTGAATGGTGCCATGGACATCGAGGAGTTTCCAGATCTCAAAGG 
CACCACCAGCCTGGAGATCCTGACCCTGACCCGCGCAGGCATCCGGCTGCTCCCATCGGG 
GATGTGCCAACAGCTGCCCAGGCTCCGAGTCCTGGAACTGTCTCACAATCAAATTGAGGA 
GCTGCCCAGCCTGCACAGGTGTCAGAAATTGGAGGAAATCGGCCTCCAACACAACCGCAT 
CTGGGAAATTGGAGCTGACACCTrCAGCCAGCTGAGCTCCCTGCAAGCCCTGGATCTTAG 
CTGGAACGCCATCCGGTCCATCCACCCTGAGGCCTTCTCCACCCTGCACTCCCTGGTCAA 
GCTGGACCTGACAGACAACCAGCTGACCACACTGCCCCTGGCTGGACTTGGGGGCTTGAT 
GCATCTGAAGCTCAAAGGGAACCTTGCTCTCTCCCAGGCCTTCTCCAAGGACAGTTTCCC 
AAAACTGAGGAtGCfGGAGGTGCCTTATGCCTACCAGTGCTGTCCCTATGGGATGTGTGC 
CAGCtTCTTCAAGGCCTCTGGGCAGTGGGAGGCTGAAGACCTTCACCTTGATGATGAGGA 
GTCTTCAAAAAGGCCCCTGGGCCTCCTTGCCAGACAAGCAGAGAACCACTATGACCAGGA 
' CCTGGATGAGCTCCAGCTGGAGATGGAGGACTCAAAGCCACACCCCAGTGTCCAGTGTAG 
CCCTACTCCAGGCCCCTTCAAGCCCTGTGAGTACCTCTTTGAAAGCTGGGGCATCCGCCT 
GGCCGTGTGGGCCATCGTGTTGCTCTCCGTGCTCTGCAATGGACTGGTGCTGCTGACCGT 
GTTCGCTGGCGGGCCTGCCCCCCTGCCCXiCGGTCAAGTTTGTGGTAGGTGCGATTGCAGG 
CGCCAACACCTTGACTGGCATTTCCTGTGGCCTTCTAGCCTCAGTCGATGCCCTGACCTT 
TGGTCAGTTCTCTGAGTACGGAGCCCGCTGGGAGACGGGGCTAGGCTGCCGGGCCACTGG 
CTTCCTGGCAGTACTTGGGTCGGAGGCATCGGTGCTGCTGCTCACTCTGGCCGCAGTGCA 
GTGCAGCGTCTCCGTCTCCTGTGTCCGGGCCTATGGGAAGTCCCCCTCCCTGGGCAGCGT 
TCGAGCAGGGGTCCTAGGCTGCCTGGCACTGGCAGGGCTGGCCGCCGCACTGCCCCTGGC 
CTCAGTGGGAGAATACGGGGCCTCCCCACTCTGCCTGCCCTACGCGCCACCTGAGGGTCA 
GCCAGCAGCCCTGGGCTTCACCGTGGCCCTGGTGATGATGAACTCCTTCTGTTTCCTGGT 
CGTGGCCGGTGCCTACATCAAACTGTACTGTGACCTGCCGCGGGGCGACTTTGAGGCCGT 
GTGGGACTGCGCCATGGTGAGGCACGTGGCCTGGCTCATCTTCGCAGACGGGCTCCTCTA 
CTGTCCCGTGGCCTTCCTCAGCTTCGCCTCCATGCTGGGCCTCTTCCCTGTCACGCCCGA 
GGCCGTCAAGTCTGTCCTGCTGGTGGTGCTGCCCCTGCCTGCCTGCCTCAACCCACTGCT 
GTACCTGCTCTTCAACCCCCACTTCCGGGATGACCTTCGGCGGCTTCGGCCCCGCGCAGG 
GGACTCAGGGCCCCTAGCCTATGCTGCGGCCGGGGAGCTGGAGAAGAGCTCCTGTGATTC 
TACCCAGGCCCTGGTAGCCTTCTCTGATGTGGATCTCATTCTGGAAGCTTCTGAAGCTGG 
GCGGCCCCCTGGGCTGGAGACCTATGGCTTCCCCTCAGTGACCCTCATCTCCTGTCAGCA 
GCCAGGGGCCCCCAGGCTGGAGGGCAGCCATTGTGTAGAGCCAGAGGGGAACCACTTTGG 
GAACCCCCAACCCTCCATGGATGGAGAACTGCTGCTGAGGGCAGAGGGATCTACGCCAGC 
AGGTGGAGGCTTGTCAGGGGGTGGCGGCTTTCAGCCCTCTGGCTTGGCCTTTGCTTCACA 
CGTGTAAATATCCCTCCCCATTCTTCTCTTCCCCTCTCTTCCCTTTCCTCTCTCCCCCTC 
GGTGAATGATGGCTGCTTCTAAAACAAATACAACCAAAACTCAGCAGTGTGATCTATAGC 
AGGATGGCCCAGTACCTGGCTCCACTGATCACCTCTCTCCTGTGACCATCACCAACGGGT 
GCCTCTTGGCCTGGCTTTCCCTTGGCCTTCCTCAGCTTCACCTTGATACTGGGCCTCTTC 
CTTGTCATGTCTGAAGCTGTGGACCARAGACCTGGACTTTTGTCTGCTTAAGGGAAATGA 
GGGAAGTAAAGACAGTGAAGGGGTGGAGGGTTGATCAGGGCACAGTGGACAGGGAGACCT 
CACARAAAAAGGCCTGGAAGGKGATTTCCCGTGTGACTCATGGRTAGGAWACAAAATGTG 
TTCCATGTACCATTAATCTTGACATATGCCATGCATAAAI^CnTCCTATTAAAATAAGCT 
TTGGRAGAGATT 
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> 15088 

MPSPPGLRALWLCAALCASRRAGGAPQPGPGPTACPAPCHCQEDGIMLSADCSELGLSAVPGDLOPLTAYLDLSMNNLT 
ELQPGLFHHLRFLEELRLSGNHLSHIPGQAFSGLYSLKIUWLQNNQLGGIPAEALVVELPSLQSLRLDANLISLVPERSFEGLS 
SLRHLWLDDNALTEIPVRALNNLPALC^^ 

LQEFPVAIRUGRLQELGFHNNNIKAIPEKAFMGNPaQTTHFYDNPIQFVGRSAFQYLPKLHTLSLNGAMDIQEFPDLKGTT 

SLEILUTRAGIRLLPSGMCQQLPRLR\fl.ELSHNQIEElPSW^^ 

SIHPEAFSTI>ISLVKU)LTDNQLTTIPLAGLGGUWHLK^^^ 

QWEAEDLHLDDEESSKRPLGLLARQAENHYDQDLDELQLEMEDSKPHPSVQCSPT 
LSVlCNGLmTVFAGGPAPLPPVKFWGAIAGA^TC^^ 

ASVLLLTUAVQCSVSVSCVRAYGKSPSLGSVRAGVLGCUI^GUWUPLASVGEYGASPLCLPYAPPEGQPAALGFTVA 
LVMMNSFCFLWAGAYIKLYCDLPRGDFEAVWDCAMVRHVAV\^IFADGL^^ 

PLPACLNPLLYLLFNPHFRDDLRRLRPRAGDSGPLAYAAAGELEKSSCDSTQALVAFSDVDLILEASEAGRPPGLETYGFP 
SVTLISCQQPGAPRLEGSHCVEPEGNHFGNPQPSMDGELLLRAEGSTPAGGGLSGGGGFQPSGLAFASHV* 
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protein alignment between mouse and human 
> LGR6 . 

15088m (analysis only) - Import - complete 

to: FrGcgManager_9_QBAsD4iW_ check: 8637 from: 1 to: 968 
15088h (analysis only) - Import - complete 

Symbol comparison table: /prod/dcWseqanal/BLAST/matrix/aa/BLOSUM62 
CompCheck: 1102 
Matrix made by matblas from blosum62.iij 

Gap Weight: 12 Average Match: 2.778 

Length Weight: 4 Average Mismatch: -2.248 

Quality: 4 4 95 Length: 968 

Ratio: 4.653 Gaps: 2 

Percent Similarity: 91.097 Percent Identity: 89.855 

Match display thresholds for the alignment (s) : * 
| - IDENTITY . ' . ■ 

: = 2 ' 

•: = i 

FrGcgManager_9_PBA0KgkFJ x FrGcgManager_9_QBAsD4iW_ March 15, 19101 15:24 



1 MHSPPGLLALWLCAVXCASARGGSDPQPGPGRPACPAPCHCQEDGIMLSA 50 Mouse 

I I I I I I I I I I I I I I I I I I I I I I I I I M I I M I I I I I 1 I I I I 
1 MPS PPGLRALWLCAALCASRRAGGAPQPGPG PTACPAPCHCQEDG I MLS A 50 Human 
. « • * ' 

51 DCSELGLSWPADLDPLTAYLDLSMNNLTELQPGLFHHLRFLEELRLSGN 100 

M ill I II S M I I I I I I I I I M I I I I ! I I I t I I I I 1 I t I 1 I I I I I t 
51 DCSELGLSAVPGDLDPLTAYLDLSMNNLTELQPGLFHHLRFLEELRLSGN 100 

101 HLSHIPGQAFSGLHSLKILMLQSNQLRGIPAEALWELPSLQSLRLDANLI 150 

IMIIIII I I lll:IM 1 MM. Ml MMMMMMIMMMMM 
101 HLSHI PGQAFSGLYSLKI LMLQNNQLGGI PAEALWELPSLQSLRLDANLI 150 

151 SLVPERSFEGLSSLRHLWLDDNALTEIPVRALNNLPALQAMTLALNHIRH 200- 

MMIMIMIMMMMMMMMlMMMiMMIMMH II 
151 SLVPERSFEGLSSLRHLWLDDNALTEIPVRALNNLPALQAMTLALNRISH 200 

201 IPDYAFQNLTSLWLHLHNNRIQHVGTHSFEGLHNLETLDLNYNELQEFP 250* ' . 

M I M II M I M 1 1 1 II M I I II I . I I I . I II M H I 1 1 1 M I • 1 1 1 1 I 
201 IPDYAFQNLTSLVVLHLHNNRIQHLGTHNFEGLHNLEPLDLNYNKLQEFP 250 

251 LAIRTLGRLQELGFHNNNIKAIPEKAFMGNPLLQTIHFYDNPIQFVGRSA 300 ' 

■ .MIMIMIMIIMIIIIIMMMMIMIMIIIIIIIIMIIMI 
251 VAI RTLGRLQELGFHNNN I KAI PEKAFMGNPLLQT I H FYDNPIQFVGRSA 300 

301 FQYLSKLHTLSLNGATDIQEFPDLKGTTSLEILTLTRAGIRLLPPGVCQQ 350- 

H I i I I 11 M M I I I I M I M I I M I M M M 1 I I ! II M II Mill 
301 FQYLPKLHTLSLNGAMDIQEFPDLKGTTSLEILTLTRAGIRLLPSGMCQQ 350 
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351 LPRLRILELSHNQIEELPSLHRCQKLEEIGLRHNRIKEIGADTFSQLGSL 400 

I I I I ! : I I I I I I I I I I II I I I I I I I I I I I I I • I I I I I I I II I I I I I I I 
351 LPRLRVLELSHNQIEELPSLHRCQKLEEIGLQHNRIWEIGADTFSQLSSL 4 00 

• • • * • 

401 QALDLSWNAI RAI H PEAFSTLRSLVKLDLTDNQLTTLPLAGLGGLMHLKL 4 50 

IMIIIIIIM. MINIMI I ! I 1 I 1 I I ! I 1 I I I I I I I 1 J ] I I I 1 I f 1 
401 QALDLSWNAI RS I H PEAFSTLHSLVKLDLTDNQLTTLPLAGLGGLMHLKL 450 

451 KGNLALSQAFSKDS FPKLRI LEV PYAYQCCAYG ICAS FFKTSGQWQAEDF 500 

M I M I I II I M I I M M M M I M i M I I II. MINI IMIMII 
451 KGNLALSQAFSKDS FPKLRI LEVPYAYQCCPYGMCASFFKASGQWEAEDL 500 

501 HPEEEEAPKRPLGLLAGQAENHYDLDLDELQMGTEDSKPNPSVQCSPVPG 550 

I :: I I - I I I II II I I II I I M I 1 I I I I : I I I I I . I II M II II 

501 riLDDEESSKRPLGLLARQAENHYDQDLDELQLEMEDSKPHPSVQCSPTFG 550 

• • • . . 

551 PFKPCEHLFESWGIRLAVWAIVLLSVLCNG . VLLTVFASGPSPLSP . KLV 598 

M I I I I : II II I II I II I I I II II II I I I I IMMII 11.11 I I I 
551 PFKPCEYLFESWGIRLAVWAIVLLSVLCNGLVLLTVFAGGPAPLPPVKFV 600 

• • - • > 

599 VGAMAGANALTGISCGLLASVDALTYGQFAEYGARWESGLGCQATGFLAV 64 8 

II I. MM II II II II I II I II I I : I I I . I II M I I . I II I . II I I II I 

601 VGAIAGANTLTGISCGLLASVDALTFGQFSEYGARWETGLGCRATGFLAV 650 

64 9 LGSEAS VLLLTLAAVQCS I SVTCVRAYGKAPS PGS VRAGALGCLALAGLA 698 

Mill II MM II II I J 1:11.1 III III. I I II ill I II II Mill I 
651 LGSEASVLLLTLAAVQCSVSVSCVRAYGKSPSLGSVRAGVLGCLALAGLA 700 

699 AALPLASVGEYGASPLCLPYAPPEGRPAALGFAVALVMMNSLCFLWAGA 74 8 

I I II II II M II II II M I I I II I I . I I II II II M I I II II II II II 
701 AALPLASVGEYGASPLCLPYAPPEGQPAALGFTVALVMMNSFCFLWAGA 750 

74 9 Y I KL YCDL PRGDFEA VWDCAMVRH VAWL I FADGLL YC P VAFLS FASMLGL 798 

I I I II II I II 11 I II M II I I II I II I I II II II II M M II II II M II 
751 YIKLYCDLPRGDFEAVWDCAMVRHVAWLIFADGLLYCPVAFLSFASMLGL 800 

799 FPVTPEAVKSVLLWLPLPACLNPLLYLLFNPHFRDDLRRLWPSPRSPGP 848 

I 1 1 I I I I I I 1 1 I I I I 1 1 I t 1 I I 1 I 1 1 1 1 I 1 I I I I I t I I 1 I 1 I M 
801 FPVT PE AVKS VLLWLPLPACLNPLLYLLFNPH FRDDLRRLRPRAG DSG P 850 

84 9 LAYAAAGELEKSSCDSTQALVAFSDVDLILEASEAGQPPGLETYGFPSVt 898 

M I II II II II II II II II I I II I II I I II I I M I I • II I I II II I II I I 
851 LAYAAAGELEKSSCDSTQALVAFSDVDLILEASEAGRPPGLETYGFPSVT 900 

899 LISRHQPGATRLEGNHFIESDGTKFGNPQPPMKGELLLKAEGATLAGCGS 94 8 

Ml MM II II . I : I M MINI I 11111:111.1 II I • 
901 LISCQQPGAPRLEGSHCVEPEGNHFGNPQPSMDGELLLRAEGSTPAGGGL 950 

94 9 SVGGALWPSGSLFASHL* 966 

I I I II I II M - I 
951 SGGGGFQPSGLAFASHV* 968 
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SEQUENCE LISTING 

<110> Gu, Wei 

<120> NOVEL G- PROTEIN COUPLED RECEPTORS AND USES THEREFOR 

<130> MNI-080CPPC 

<140> 
<141> 

<150> 09/556,588 
<151> 2000-05-08 

<150> 60/132,896 
<151> 1999-05-06 

<160> 12 

<170> Patentln Ver. 2.0 

<210> 1 

<211> 3637 

<212> DNA 

<213> Mus musculus 

<220> 
<221> CDS 

<222> (222) (3122) 
<220> 

<221> misc_feature 
<222> (3554) 

<223> n = any nucleotide 
<400> 1 

gtcgacccac gcgtccgcac tcaacaatgc ctgcccctct ctgactgcac cgtcccgccg 60 

ccgctgccgc cgccgcgccc aagccaagtc gagcgggggc gttgcccacc gacggcacag 120 

cccttgggcc cgcccgggac caggaggtga gccgcgcgcg cacagctccg tgcgctcgcc 180 

cgtctgagcg cccgccaggt gccccgcagc ccgccgccga g atg cac age ccg cct 236. 

Met His Ser Pro Pro 
1 5 

ggg etc ctg gcg ctg tgg ctt tgc get gtg ctg tgc gca teg gcg cgc 284 
Gly Leu Leu Ala Leu Trp Leu Cys Ala Val Leu Cys Ala Ser Ala Arg 
10 15 20 

ggg ggc age gac ccc cag cct ggc ccg ggg cgt ccc gec tgc ccg get 332 
Gly Gly Ser Asp Pro Gin Pro Gly Pro Gly Arg Pro Ala Cys Pro Ala 
25 30 35 



ccc tgc cac tgc cag gag gac ggc ate atg ctg tec get gac tgc tec 3 80 
Pro Cys His Cys Gin Glu Asp Gly lie Met Leu Ser Ala Asp Cys Ser 
40 45 50 
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gag etc ggg etc tea gtg gtg cct gcg gac ctg gac ccc ctg acg get 428 
Glu Leu Gly Leu Ser Val Val Pro Ala Asp Leu Asp Pro Leu Thr Ala 
55 60 65 

tac eta gac etc agt atg aac aac etc acg gag ctt cag ccg ggt etc 476 
Tyr Leu Asp Leu Ser Met Asn Asn Leu Thr Glu Leu Gin Pro Gly Leu 
70 75 80 85 

ttc cac cac ctg cgc ttc ctg gag gag ctg egg etc tea ggg aac cac 524 
Phe His His Leu Arg Phe Leu Glu Glu Leu Arg Leu Ser Gly Asn His 
90 95 100 

etc tea cac ate ccg gga cag gca ttc tec ggc etc cac age etc aaa 572 
Leu Ser His lie Pro Gly Gin Ala Phe Ser Gly Leu His Ser Leu Lys 
105 110 115 

att eta atg ctg cag age aac cag etc cgt ggg ate cca gca gag gca 620 
lie Leu Met Leu Gin Ser Asn Gin Leu Arg Gly lie Pro Ala Glu Ala 
120 125 , 130 

eta tgg gag ctg ccc age ctg cag teg ctg cgc eta gat get aat etc 668 
Leu Trp Glu Leu Pro Ser Leu Gin Ser Leu Arg Leu Asp Ala Asn Leu 
135 140 145 

ate tec ctg gtc cct gag aga age ttt gag ggg etc tec tec etc cgc 716 
He Ser Leu Val Pro Glu Arg Ser Phe Glu Gly Leu Ser Ser Leu Arg 
150 155 160 165 

cac etc tgg ctg gat gac aat gca etc act gag ate ccc gtc aga get 764 
His Leu Trp Leu Asp Asp Asn Ala Leu Thr Glu He Pro Val Arg Ala 
170 175 180 

etc aac aac ctt cct gee eta cag gee atg ace ttg get etc aac cat 812 
Leu Asn Asn Leu Pro Ala Leu Gin Ala Met Thr Leu Ala Leu Asn His 
185 190 195 

ate cgc cac ate cct gac tat gee ttc cag aac etc acc agt ctt gtg 860 
He Arg His He Pro Asp Tyr Ala Phe Gin Asn Leu Thr Ser Leu Val 
200 205 210 

gtg ctg cat eta cat aac aac cgc ate cag cat gtg ggg acc cac age 908 
Val Leu His Leu His Asn Asn Arg He Gin His Val Gly Thr His Ser 
215 220 225 

ttc gag ggg ctg cac aat ctg gag aca eta gac ctg aac tat aat gag 956 
Phe Glu Gly Leu His Asn Leu Glu Thr Leu Asp Leu Asn Tyr Asn Glu 
230 235 240 245 

ctg cag gag ttc ccc ttg get ate egg acc ctg ggc agg ctg cag gaa 1004 
Leu Gin Glu Phe Pro Leu Ala He Arg Thr Leu Gly Arg Leu Gin Glu 
250 255 260 

ttg ggt ttc cat aac aac aac ate aag get ate cca gag aaa gee ttc 1052 
Leu Gly Phe His Asn Asn Asn He Lys Ala He Pro Glu Lys Ala Phe 
265 270 275 
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atg ggc aac cct etc ctg cag aca ata cat ttt tat gac aac cca ate 1100 
Met Gly Asn Pro Leu Leu Gin Thr He His Phe Tyr Asp Asn Pro He 
280 285 290 

cag ttt gtg gga agg tea gca ttc cag tac ctg tct aaa ctg cat acg 1148 
Gin Phe Val Gly Arg Ser Ala Phe Gin Tyr Leu Ser Lys Leu His Thr 
295 300 305 

eta tct ttg aat ggt gee act gat ate caa gag ttc cca gac etc aaa 1196 
Leu Ser Leu Asn Gly Ala Thr Asp He Gin Glu Phe Pro Asp Leu Lys 
310 315 320 325 

ggc acc act age ctg gag ate ctg ace ctg acc cgt gcg ggc ate aga 1244 
Gly Thr Thr Ser Leu Glu He Leu Thr Leu Thr Arg Ala Gly He Arg 
330 335 340 

ctg etc cca ccg gga gtg tgc caa cag ctg cct agg etc cga ate ctg 1292 
Leu Leu Pro Pro Gly Val Cys Gin Gin Leu Pro Arg Leu Arg He Leu 
345 350 355 

gag ctg tct cat aat cag ate gag gag tta ccc age ctg cac aga tgt 1340 
Glu Leu Ser His Asn Gin He Glu Glu Leu Pro Ser Leu His Arg Cys 
360 365 370 

cag aag ctg gag gaa att ggc etc cga cat aac agg ate aag gaa att 1388 
Gin Lys Leu Glu Glu He Gly Leu Arg His Asn Arg He Lys Glu He 
375 380 385 

ggt gca gat acc ttc age cag ctg ggc tec ttg caa get tta gac ctg 1436 
Gly Ala Asp Thr Phe Ser Gin Leu Gly Ser Leu Gin Ala Leu Asp Leu 
390 395 400 405 

agt tgg aat gec ate cgt gee ate cac cct gag get ttc tea acc ctt 1484 
Ser Trp Asn Ala He Arg Ala He His Pro Glu Ala Phe Ser Thr Leu 
410 415 420 

cga tec ttg gtt aag ctg gac ctg act gac aac cag ctg acc aca ctg 1532 
Arg Ser Leu Val Lys Leu Asp Leu Thr Asp Asn Gin Leu Thr Thr Leu 
425 430 435 

ccc ctg get ggg ctg gga ggc ctg atg cac ctg aag etc aaa ggg aac 1580 
Pro Leu Ala Gly Leu Gly Gly Leu Met His Leu Lys Leu Lys Gly Asn 
440 445 450 

ttg gee ctg tct cag gee ttc tec aag gac agt ttc cca aaa ctg agg 1628 
Leu Ala Leu Ser Gin Ala Phe Ser Lys Asp Ser Phe Pro Lys Leu Arg 
455 460 465 

ate ctg gag gtg ccc tac gec tac cag tgc tgt gec tac ggc ate tgt 1676 
He Leu Glu Val Pro Tyr Ala Tyr Gin Cys Cys Ala Tyr Gly He Cys 
470 475 480 485 

gec age ttc ttc aag acc tct ggg cag tgg cag gec gag gac ttt cat 1724 
Ala Ser Phe Phe Lys Thr Ser Gly Gin Trp Gin Ala Glu Asp Phe His 
490 495 500 

cca gaa gaa gag gag gca cca aag agg ccc ctg ggt etc ctt get gga 1772 
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Pro Glu Glu Glu Glu Ala Pro Lys Arg Pro Leu Gly Leu Leu Ala Gly 
505 510 515 

caa get gag aac cac tat gac eta gac ctg gat gag etc cag atg ggg 1820 
Gin Ala Glu Asn His Tyr Asp Leu Asp Leu Asp Glu Leu Gin Met Gly 
520 525 530 

aca gag gac tea aag cca aac ccc agt gtc cag tgc age cct gtt cca 1868 
Thr Glu Asp Ser Lys Pro Asn Pro Ser Val Gin Cys Ser Pro Val Pro 
535 540 545 

ggc ccc ttc aag ccc tgc gag cac etc ttt gag age tgg ggc ate cgc 1916 
Gly Pro Phe Lys Pro Cys Glu His Leu Phe Glu Ser Trp Gly lie Arg 
550 555 560 565 

ctt get gtg tgg gee ate gtg ctg etc tec gta etc tgt aac ggg ctg 1964 
Leu Ala Val Trp Ala lie Val Leu Leu Ser Val Leu Cys Asn Gly Leu 
570 575 580 

gtg ctg ctg aca gtc ttt gee age gga ccc age ccg ctg tec ccc gtc 2012 
Val Leu Leu Thr Val Phe Ala Ser Gly Pro Ser Pro Leu Ser Pro Val 
585 590 595 

aag ctt gtg gtg ggt gcg atg gca ggc gee aac gec ctg acg ggc att 2060 
Lys Leu Val Val Gly Ala Met Ala Gly Ala Asn Ala Leu Thr Gly lie 
600 605 610 

tec tgt ggt etc ctg gee tct gtg gac gee ttg acc tat ggt cag ttc 2108 
Ser Cys Gly Leu Leu Ala Ser Val Asp Ala Leu Thr Tyr Gly Gin Phe 
615 620 625 

get gag tat gga gec cgc tgg gag age ggt ctg ggc tgc cag get acg 2156 
Ala Glu Tyr Gly Ala Arg Trp Glu Ser Gly Leu Gly Cys Gin Ala Thr 
630 635 640 645 

ggc ttc ctg get gtc ctg ggt tea gag gcg teg gtg ctg ctg etc aca 2204 
Gly Phe Leu Ala Val Leu Gly Ser Glu Ala Ser Val Leu Leu Leu Thr 
650 655 660 

ctg gcg gec gtg cag tgc age ate tct gtg acc tgc gtc cga gec tac 2252 
Leu Ala Ala Val Gin Cys Ser lie Ser Val Thr Cys Val Arg Ala Tyr 
665 670 675 

ggg aag gcg ccg teg cct ggc age gtc cgc gca ggc gca ctg gga tgc 2300 
Gly Lys Ala Pro Ser Pro Gly Ser Val Arg Ala Gly Ala Leu Gly Cys 
680 685 690 

ctg gcg ctg gee ggg ctg gee gca gca ctg ccg ctg gee teg gtg gga 23 48 
Leu Ala Leu Ala Gly Leu Ala Ala Ala Leu Pro Leu Ala Ser Val Gly 
695 700 705 

gag tat ggc gee tec cca etc tgc ctg ccc tac gee cca ccc gag ggc 2396 
Glu Tyr Gly Ala Ser Pro Leu Cys Leu Pro Tyr Ala Pro Pro Glu Gly 
710 715 720 725 

egg ccg gee gee ctg ggc ttc get gta gec ctg gtg atg atg aac teg 2444 
Arg Pro Ala Ala Leu Gly Phe Ala Val Ala Leu Val Met Met Asn Ser 
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730 735 740 

etc tgc ttc ctg gtg gtg gec ggc gec tac ate aag etc tac tgt gac 2492 
Leu Cys Phe Leu Val Val Ala Gly Ala Tyr lie Lys Leu Tyr Cys Asp 
745 750 755 

ctg cca egg ggt gac ttt gag gec gtg tgg gac tgc gec atg gtg cgc 2540 
Leu Pro Arg Gly Asp Phe Glu Ala Val Trp Asp Cys Ala Met Val Arg 
760 765 770 

cac gtg gee tgg etc ate ttt gca gat ggc etc etc tac tgc ccc gtg 2588 
His Val Ala Trp Leu lie Phe Ala Asp Gly Leu Leu Tyr Cys Pro Val 
775 780 785 

gee ttc etc age ttt gee tec atg ctg ggc etc ttc cct gtc acc ccc 2636 
Ala Phe Leu Ser Phe Ala Ser Met Leu Gly Leu Phe Pro Val Thr Pro 
790 795 800 805 

gag get gtc aag tea gtc ctt ctg gtg gtg ctg cct ctg cct gee tgc 2684 
Glu Ala Val Lys Ser Val Leu Leu Val Val Leu Pro Leu Pro Ala Cys 
810 815 820 

etc aac cca ctg etc tac ctg etc ttc aac cct cac ttc egg gat gac 2732 
Leu Asn Pro Leu Leu Tyr Leu Leu Phe Asn Pro His Phe Arg Asp Asp 
825 830 835 

ctt egg egg etc tgg cca age cct egg tec cca ggg ccc eta gee tac 2780 
Leu Arg Arg Leu Trp Pro Ser Pro Arg Ser Pro Gly Pro Leu Ala Tyr 
840 845 850 

get gca gec ggt gag ctg gag aag age tec tgc gac tec acc caa gcg 2828 
Ala Ala Ala Gly Glu Leu Glu Lys Ser Ser Cys Asp Ser Thr Gin Ala 
855 860 865 

ctg gtg get ttc tea gat gtg gat ctt att ctg gaa get tct gag get 2876 
Leu Val Ala Phe Ser Asp Val Asp Leu lie Leu Glu Ala Ser Glu Ala 
870 875 880 885 

ggg cag cct cct ggg eta gag acc tat ggc ttc cct tea gtg acc etc 2924 
Gly Gin Pro Pro Gly Leu Glu Thr Tyr Gly Phe Pro Ser Val Thr Leu 
890 895 900 

ate tec cga cat cag ccg ggg gee acc agg ctg gag gga aac cat ttt 2972 
lie Ser Arg His Gin Pro Gly Ala Thr Arg Leu Glu Gly Asn His Phe 
905 910 915 

ata gag tct gat gga acc aag ttt ggg aac cca caa cct ccc atg aag 3 020 
He Glu Ser Asp Gly Thr Lys Phe Gly Asn Pro Gin Pro Pro Met Lys 
920 925 930 

gga gaa ctg ctg ctg aag gca gag gga gec act ttg gca ggc tgt ggc 3 068 
Gly Glu Leu Leu Leu Lys Ala Glu Gly Ala Thr Leu Ala Gly Cys Gly 
935 940 945 

tct tec gtg ggt gga gee etc tgg ccc tct ggc tct etc ttt gee tct 3116 
Ser Ser Val Gly Gly Ala Leu Trp Pro Ser Gly Ser Leu Phe Ala Ser 
950 955 960 965 
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cac ttg taaatatccc tctctgtttg tcctctcccc atccaatgat ggctgcttat 3172 
His Leu 



aaaagaaaga 


caactccaac 


tccatagcaa gatggccaac 


acctctgact ccattgttct 


3232 


ctctccacga 


cccctaacca 


atgagtgctt ccaagtcttg 


ctttgtcttg gccttcagct 


3292 


tcactttcac 


cctgggcctt 


ctctgtccaa tccaatactt 


ctgacagagg cctgggaaat 


3352 


ttgcatagga 


gaaaggagaa 


aagcaaaaga cagtgaaggt 


tattgggccc tgacagagcc 


3412 


atgatcagta 


agtgcagagt 


gatggggagg tctcacagag 


catgacactg gaagacaact 


3472 


accaaagaca 


ttggagagtc 


tcccctgtga catatagaat 


ataaaatgtg ttctgcgttc 


3532 


cattaatctt 


gacctatgct 


gngccaaagt gcttcctgtt 


aaaatacact ttggaagaca 3592 


ttgaaaaaaa 


aaaaaaaaaa 


aaaaaaaaaa aaaaagggcg 


gccgc 


3637 



<210> 2 

<211> 967 

<212> PRT 

<213> Mus musculus 

<400> 2 

Met His Ser Pro Pro 
1 5 

Cys Ala Ser Ala Arg 
20 

Pro Ala Cys Pro Ala 
35 

Ser Ala Asp Cys Ser 
50 

Asp Pro Leu Thr Ala 
65 

Leu Gin Pro Gly Leu 
85 

Leu Ser Gly Asn His 
100 

Leu His Ser Leu Lys 
115 

lie Pro Ala Glu Ala 
130 

Leu Asp Ala Asn Leu 
145 



Gly Leu Leu Ala Leu Trp Leu Cys Ala Val Leu 
10 15 

Gly Gly Ser Asp Pro Gin Pro Gly Pro Gly Arg 
25 30 

Pro Cys His Cys Gin Glu Asp Gly lie Met Leu 
40 45 

Glu Leu Gly Leu Ser Val Val Pro Ala Asp Leu 
55 60 

Tyr Leu Asp Leu Ser Met Asn Asn Leu Thr Glu 
70 75 80 

Phe His His Leu Arg Phe Leu Glu Glu Leu Arg 
90 95 

Leu Ser His lie Pro Gly Gin Ala Phe Ser Gly 
105 110 

He Leu Met Leu Gin Ser Asn Gin Leu Arg Gly 
120 125 

Leu Trp Glu Leu Pro Ser Leu Gin Ser Leu Arg 
135 140 



He Ser Leu Val Pro Glu Arg Ser Phe Glu Gly 
150 155 160 



WO 01/85768 



7 



PCT/US01/15002 



Leu Ser Ser Leu Arg His Leu Trp Leu Asp Asp Asn Ala Leu Thr Glu 
165 170 175 

lie Pro Val Arg Ala Leu Asn Asn Leu Pro Ala Leu Gin Ala Met Thr 
180 185 190 

Leu Ala Leu Asn His lie Arg His He Pro Asp Tyr Ala Phe Gin Asn 
195 200 205 

Leu Thr Ser Leu Val Val Leu His Leu His Asn Asn Arg He Gin His 
210 215 220 

Val Gly Thr His Ser Phe Glu Gly Leu His Asn Leu Glu Thr Leu Asp 
225 230 235 240 

Leu Asn Tyr Asn Glu Leu Gin Glu Phe Pro Leu Ala He Arg Thr Leu 
245 250 255 

Gly Arg Leu Gin Glu Leu Gly Phe His Asn Asn Asn He Lys Ala He 
260 265 270 

Pro Glu Lys Ala Phe Met Gly Asn Pro Leu Leu Gin Thr He His Phe 
275 280 285 

Tyr Asp Asn Pro He Gin Phe Val Gly Arg Ser Ala Phe Gin Tyr Leu 
290 295 300 

Ser Lys Leu His Thr Leu Ser Leu Asn Gly Ala Thr Asp He Gin Glu 
305 310 315 320 

Phe Pro Asp Leu Lys Gly Thr Thr Ser Leu Glu He Leu Thr Leu Thr 
325 330 335 

Arg Ala Gly He Arg Leu Leu Pro Pro Gly Val Cys Gin Gin Leu Pro 
340 345 350 

Arg Leu Arg He Leu Glu Leu Ser His Asn Gin He Glu Glu Leu Pro 
355 360 365 

Ser Leu His Arg Cys Gin Lys Leu Glu Glu He Gly Leu Arg His Asn 
370 375 380 

Arg He Lys Glu He Gly Ala Asp Thr Phe Ser Gin Leu Gly Ser Leu 
385 390 395 400 

Gin Ala Leu Asp Leu Ser Trp Asn Ala lie Arg Ala He His Pro Glu 
405 410 415 

Ala Phe Ser Thr Leu Arg Ser Leu Val Lys Leu Asp Leu Thr Asp Asn 
420 425 430 

Gin Leu Thr Thr Leu Pro Leu Ala Gly Leu Gly Gly Leu Met His Leu 
435 440 445 



Lys Leu Lys Gly Asn Leu Ala Leu Ser Gin Ala Phe Ser Lys Asp Ser 
450 455 460 
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Phe Pro Lys Leu Arg lie Leu Glu Val Pro Tyr Ala Tyr Gin Cys Cys 
465 470 475 480 

Ala Tyr Gly He Cys Ala Ser Phe Phe Lys Thr Ser Gly Gin Trp Gin 
485 490 495 

Ala Glu Asp Phe His Pro Glu Glu Glu Glu Ala Pro Lys Arg Pro Leu 
500 505 510 

Gly Leu Leu Ala Gly Gin Ala Glu Asn His Tyr Asp Leu Asp Leu Asp 
515 520 525 

Glu Leu Gin Met Gly Thr Glu Asp Ser Lys Pro Asn Pro Ser Val Gin 
530 535 540 

Cys Ser Pro Val Pro Gly Pro Phe Lys Pro Cys Glu His Leu Phe Glu 
545 550 555 560 

Ser Trp Gly He Arg Leu Ala Val Trp Ala He Val Leu Leu Ser Val 
565 570 575 

Leu Cys Asn Gly Leu Val Leu Leu Thr Val Phe Ala Ser Gly Pro Ser 
580 585 590 

Pro Leu Ser Pro Val Lys Leu Val Val Gly Ala Met Ala Gly Ala Asn 
595 600 605 

Ala Leu Thr Gly He Ser Cys Gly Leu Leu Ala Ser Val Asp Ala Leu 
610 615 620 

Thr Tyr Gly Gin Phe Ala Glu Tyr Gly Ala Arg Trp Glu Ser Gly Leu 
625 630 635 640 

Gly Cys Gin Ala Thr Gly Phe Leu Ala Val Leu Gly Ser Glu Ala Ser 
645 650 655 

Val Leu Leu Leu Thr Leu Ala Ala Val Gin Cys Ser He Ser Val Thr 
660 665 670 

Cys Val Arg Ala Tyr Gly Lys Ala Pro Ser Pro Gly Ser Val Arg Ala 
675 680 685 

Gly Ala Leu Gly Cys Leu Ala Leu Ala Gly Leu Ala Ala Ala Leu Pro 
690 695 700 

Leu Ala Ser Val Gly Glu Tyr Gly Ala Ser Pro Leu Cys Leu Pro Tyr 
705 710 715 720 

Ala Pro Pro Glu Gly Arg Pro Ala Ala Leu Gly Phe Ala Val Ala Leu 
725 730 735 

Val Met Met Asn Ser Leu Cys Phe Leu Val Val Ala Gly Ala Tyr He 
740 745 750 



Lys Leu Tyr Cys Asp Leu Pro Arg Gly Asp Phe Glu Ala Val Trp Asp 
755 760 765 
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Cys Ala Met Val Arg His Val Ala Trp Leu lie Phe Ala Asp Gly Leu 
770 775 780 

Leu Tyr Cys Pro Val Ala Phe Leu Ser Phe Ala Ser Met Leu Gly Leu 
785 790 795 800 

Phe Pro Val Thr Pro Glu Ala Val Lys Ser Val Leu Leu Val Val Leu 
805 810 815 

Pro Leu Pro Ala Cys Leu Asn Pro Leu Leu Tyr Leu Leu Phe Asn Pro 
820 825 830 

His Phe Arg Asp Asp Leu Arg Arg Leu Trp Pro Ser Pro Arg Ser Pro 
835 840 845 

Gly Pro Leu Ala Tyr Ala Ala Ala Gly Glu Leu Glu Lys Ser Ser Cys 
850 855 860 

Asp Ser Thr Gin Ala Leu Val Ala Phe Ser Asp Val Asp Leu lie Leu 
865 870 875 880 

Glu Ala Ser Glu Ala Gly Gin Pro Pro Gly Leu Glu Thr Tyr Gly Phe 
885 890 895 

Pro Ser Val Thr Leu lie Ser Arg His Gin Pro Gly Ala Thr Arg Leu 
900 905 910 

Glu Gly Asn His Phe lie Glu Ser Asp Gly Thr Lys Phe Gly Asn Pro 
915 920 925 

Gin' Pro Pro Met Lys Gly Glu Leu Leu Leu Lys Ala Glu Gly Ala Thr 
930 935 940 

Leu Ala Gly Cys Gly Ser Ser Val Gly Gly Ala Leu Trp Pro Ser Gly 
945 950 955 960 

Ser Leu Phe Ala Ser His Leu 
965 



<210> 3 

<211> 2901 

<212> DNA 

<213> Mus mus cuius 

<220> 

<221> CDS 

<222> (1) . . (2901) 

<400> 3 

atg cac age ccg cct ggg etc ctg gcg ctg tgg ctt tgc get gtg ctg 48 

Met His Ser Pro Pro Gly Leu Leu Ala Leu Trp Leu Cys Ala Val Leu 
15 10 15 

tgc gca teg gcg cgc ggg ggc age gac ccc cag cct ggc ccg ggg cgt 96 
Cys Ala Ser Ala Arg Gly Gly Ser Asp Pro Gin Pro Gly Pro Gly Arg 
20 25 30 
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ccc gcc tgc ccg get ccc tgc cac tgc cag gag gac ggc ate atg ctg 144 
Pro Ala Cys Pro Ala Pro Cys His Cys Gin Glu Asp Gly lie Met Leu 
35 40 45 

tec get gac tgc tec gag etc ggg etc tea gtg gtg cct gcg gac ctg 192 
Ser Ala Asp Cys Ser Glu Leu Gly Leu Ser Val Val Pro Ala Asp Leu 
50 55 60 

gac ccc ctg acg get tac eta gac etc agt atg aac aac etc acg gag 240 
Asp Pro Leu Thr Ala Tyr Leu Asp Leu Ser Met Asn Asn Leu Thr Glu 
65 70 75 80 

ctt cag ccg ggt etc ttc cac cac ctg cgc ttc ctg gag gag ctg egg 288 
Leu Gin Pro Gly Leu Phe His His Leu Arg Phe Leu Glu Glu Leu Arg 
85 90 95 

etc tea ggg aac cac etc tea cac ate ccg gga cag gca ttc tec ggc 336 
Leu Ser Gly Asn His Leu Ser His lie Pro Gly Gin Ala Phe Ser Gly 
100 105 110 

etc cac age etc aaa att eta atg ctg cag age aac cag etc cgt ggg 3 84 
Leu His Ser Leu Lys lie Leu Met Leu Gin Ser Asn Gin Leu Arg Gly 
115 120 125 

ate cca gca gag gca. eta tgg gag ctg ccc age ctg cag teg ctg cgc 432 
He Pro Ala Glu Ala Leu Trp Glu Leu Pro Ser Leu Gin Ser Leu Arg 
130 135 140 

eta gat get aat etc ate tec ctg gtc cct gag aga age ttt gag ggg 480 
Leu Asp Ala Asn Leu He Ser Leu Val Pro Glu Arg Ser Phe Glu Gly 
145 150 155 160 

etc tec tec etc cgc cac etc tgg ctg gat gac aat gca etc act gag 528 
Leu Ser Ser Leu Arg His Leu Trp Leu Asp Asp Asn Ala Leu Thr Glu 
165 170 175 

ate ccc gtc aga get etc aac aac ctt cct gcc eta cag gcc atg acc 576 
He Pro Val Arg Ala Leu Asn Asn Leu Pro Ala Leu Gin Ala Met Thr 
180 185 190 

ttg get etc aac cat ate cgc cac ate cct gac tat gcc ttc cag aac 624 
Leu Ala Leu Asn His He Arg His He Pro Asp Tyr Ala Phe Gin Asn 
195 200 205 

etc acc agt ctt gtg gtg ctg cat eta cat aac aac cgc ate cag cat 672 
Leu Thr Ser Leu Val Val Leu His Leu His Asn Asn Arg He Gin His 
210 215 220 

gtg ggg acc cac age ttc gag ggg ctg cac aat ctg gag aca eta gac 720 
Val Gly Thr His Ser Phe Glu Gly Leu His Asn Leu Glu Thr Leu Asp 
225 230 235 240 

ctg aac tat aat gag ctg cag gag ttc ccc ttg get ate egg acc ctg 7 68 
Leu Asn Tyr Asn Glu Leu Gin Glu Phe Pro Leu Ala He Arg Thr Leu 
245 250 255 
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ggc agg ctg cag gaa ttg ggt ttc cat aac aac aac ate aag get ate 816 
Gly Arg Leu Gin Glu Leu Gly Phe His Asn Asn Asn lie Lys Ala lie 
260 265 270 

cca gag aaa gee ttc atg ggc aac cct etc ctg cag aca ata cat ttt 864 
Pro Glu Lys Ala Phe Met Gly Asn Pro Leu Leu Gin Thr lie His Phe 
275 280 285 

tat gac aac cca ate cag ttt gtg gga agg tea gca ttc cag tac ctg 912 
Tyr Asp Asn Pro lie Gin Phe Val Gly Arg Ser Ala Phe Gin Tyr Leu 
290 295 300 

tct aaa ctg cat acg eta tct ttg aat ggt gee act gat ate caa gag 960 
Ser Lys Leu His Thr Leu Ser Leu Asn Gly Ala Thr Asp lie Gin Glu 
305 310 315 320 

ttc cca gac etc aaa ggc ace act age ctg gag ate ctg ace ctg ace 1008 
Phe Pro Asp Leu Lys Gly Thr Thr Ser Leu Glu lie Leu Thr Leu Thr 
325 330 335 

cgt gcg ggc ate aga ctg etc cca ccg gga gtg tgc caa cag ctg cct 1056 
Arg Ala Gly lie Arg Leu Leu Pro Pro Gly Val Cys Gin Gin Leu Pro 
340 345 350 

agg etc cga ate ctg gag ctg tct cat aat cag ate gag gag tta ccc 1104 
Arg Leu Arg lie Leu Glu Leu Ser His Asn Gin lie Glu Glu Leu Pro 
355 360 365 

age ctg cac aga tgt cag aag ctg gag gaa att ggc etc cga cat aac 1152 
Ser Leu His Arg Cys Gin Lys Leu Glu Glu He Gly Leu Arg His Asn 
370 375 380 

agg ate aag gaa att ggt gca gat ace ttc age cag ctg ggc tec ttg 1200 
Arg He Lys Glu He Gly Ala Asp Thr Phe Ser Gin Leu Gly Ser Leu 
385 390 395 400 

caa get tta gac ctg agt tgg aat gee ate cgt gee ate cac cct gag 1248 
Gin Ala Leu Asp Leu Ser Trp Asn Ala He Arg Ala He His Pro Glu 
405 410 415 

get ttc tea acc ctt cga tec ttg gtt aag ctg gac ctg act gac aac 1296 
Ala Phe Ser Thr Leu Arg Ser Leu Val Lys Leu Asp Leu Thr Asp Asn 
420 425 430 

cag ctg acc aca ctg ccc ctg get ggg ctg gga ggc ctg atg cac ctg 13 44 
Gin Leu Thr Thr Leu Pro Leu Ala Gly Leu Gly Gly Leu Met His Leu 
435 440 445 

aag etc aaa ggg aac ttg gee ctg tct cag gee ttc tec aag gac agt 1392 
Lys Leu Lys Gly Asn Leu Ala Leu Ser Gin Ala Phe Ser Lys Asp Ser 
450 455 460 

ttc cca aaa ctg agg ate ctg gag gtg ccc tac gee tac cag tgc tgt 1440 
Phe Pro Lys Leu Arg He Leu Glu Val Pro Tyr Ala Tyr Gin Cys Cys 
465 470 475 480 

gee tac ggc ate tgt gee age ttc ttc aag acc tct ggg cag tgg cag 1488 
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Ala Tyr Gly lie Cys Ala Ser Phe Phe Lys Thr Ser Gly Gin Trp Gin 
485 490 495 

gcc gag gac ttt cat cca gaa gaa gag gag gca cca aag agg ccc ctg 1536 
Ala Glu Asp Phe His Pro Glu Glu Glu Glu Ala Pro Lys Arg Pro Leu 
500 505 510 

ggt etc ctt get gga caa get gag aac cac tat gac eta gac ctg gat 1584 
Gly Leu Leu Ala Gly Gin Ala Glu Asn His Tyr Asp Leu Asp Leu Asp 
515 520 525 

gag etc cag atg ggg aca gag gac tea aag cca aac ccc agt gtc cag 1632 
Glu Leu Gin Met Gly Thr Glu Asp Ser Lys Pro Asn Pro Ser Val Gin 
530 535 540 

tgc age cct gtt cca ggc ccc ttc aag ccc tgc gag cac etc ttt gag 1680 
Cys Ser Pro Val Pro Gly Pro Phe Lys Pro Cys Glu His Leu Phe Glu 
545 550 555 560 

age tgg ggc ate cgc ctt get gtg tgg gcc ate gtg ctg etc tec gta 1728 
Ser Trp Gly lie Arg Leu Ala Val Trp Ala He Val Leu Leu Ser Val 
565 570 575 

etc tgt aac ggg ctg gtg ctg ctg aca gtc ttt gcc age gga ccc age 1776 
Leu Cys Asn Gly Leu Val Leu Leu Thr Val Phe Ala Ser Gly Pro Ser 
580 585 590 

ccg ctg tec ccc gtc aag ctt gtg gtg ggt gcg atg gca ggc gcc aac 1824 
Pro Leu Ser Pro Val Lys Leu Val Val Gly Ala Met Ala Gly Ala Asn 
595 600 605 

gcc ctg acg ggc att tec tgt ggt etc ctg gcc tct gtg gac gcc ttg 1872 
Ala Leu Thr Gly He Ser Cys Gly Leu Leu Ala Ser Val Asp Ala Leu 
610 615 620 

ace tat ggt cag ttc get gag tat gga gcc cgc tgg gag age ggt ctg 1920 
Thr Tyr Gly Gin Phe Ala Glu Tyr Gly Ala Arg Trp Glu Ser Gly Leu 
625 630 635 640 

ggc tgc cag get acg ggc ttc ctg get gtc ctg ggt tea gag gcg teg 1968 
Gly Cys Oln Ala Thr Gly Phe Leu Ala Val Leu Gly Ser Glu Ala Ser 
645 650 • 655 

gtg ctg ctg etc aca ctg gcg gcc gtg cag tgc age ate tct gtg ace 2016 
Val Leu Leu Leu Thr Leu Ala Ala Val Gin Cys Ser He Ser Val Thr 
660 665 670 

tgc gtc cga gcc tac ggg aag gcg ccg teg cct ggc age gtc cgc gca 2064 
Cys Val Arg Ala Tyr Gly Lys Ala Pro Ser Pro Gly Ser Val Arg Ala 
675 680 685 

ggc gca ctg gga tgc ctg gcg ctg gcc ggg ctg gcc gca gca ctg ccg 2112 
Gly Ala Leu Gly Cys Leu Ala Leu Ala Gly Leu Ala Ala Ala Leu Pro 
690 695 700 

ctg gcc teg gtg gga gag tat ggc gcc tec cca etc tgc ctg ccc tac 2160 
Leu Ala Ser Val Gly Glu Tyr Gly Ala Ser Pro Leu Cys Leu Pro Tyr 



WO 01/85768 



13 



PCT7US01/15002 



705 710 715 720 

gcc cca ccc gag ggc egg ccg gec gec ctg ggc ttc get gta gee ctg 2208 
Ala Pro Pro Glu Gly Arg Pro Ala Ala Leu Gly Phe Ala Val Ala Leu 
725 730 735 

gtg atg atg aac teg etc tgc ttc ctg gtg gtg gcc ggc gcc tac ate 2256 
Val Met Met Asn Ser Leu Cys Phe Leu Val Val Ala Gly Ala Tyr He 
740 745 750 

aag etc tac tgt gac ctg cca egg ggt gac ttt gag gcc gtg tgg gac 2304 
Lys Leu Tyr Cys Asp Leu Pro Arg Gly Asp Phe Glu Ala Val Trp Asp 
755 760 765 

tgc gcc atg gtg cgc cac gtg gcc tgg etc ate ttt gca gat ggc etc 2352 
Cys Ala Met Val Arg His Val Ala Trp Leu He Phe Ala Asp Gly Leu 
770 775 780 

etc tac tgc ccc gtg gcc ttc etc age ttt gcc tec atg ctg ggc etc 2400 
Leu Tyr Cys Pro Val Ala Phe Leu Ser Phe Ala Ser Met Leu Gly Leu 
785 790 795 800 

ttc cct gtc acc ccc gag get gtc aag tea gtc ctt ctg gtg gtg ctg 2448 
Phe Pro Val Thr Pro Glu Ala Val Lys Ser Val Leu Leu Val Val Leu 
805 810 815 

cct ctg cct gcc tgc etc aac cca ctg etc tac ctg etc ttc aac cct 2496 
Pro Leu Pro Ala Cys Leu Asn Pro Leu Leu Tyr Leu Leu Phe Asn Pro 
820 825 830 

cac ttc egg gat gac ctt egg egg etc tgg cca age cct egg tec cca 2544 
His Phe Arg Asp Asp Leu Arg Arg Leu Trp Pro Ser Pro Arg Ser Pro 
835 840 845 

ggg ccc eta gcc tac get gca gcc ggt gag ctg gag aag age tec tgc 2592 
Gly Pro Leu Ala Tyr Ala Ala Ala Gly Glu Leu Glu Lys Ser Ser Cys 
850 855 860 

gac tec acc caa gcg ctg gtg get ttc tea gat gtg gat ctt att ctg 2640 
Asp Ser Thr Gin Ala Leu Val Ala Phe Ser Asp Val Asp Leu He Leu 
865 870 875 880 

gaa get tct gag get ggg cag cct cct ggg eta gag acc tat ggc ttc 2688 
Glu Ala Ser Glu Ala Gly Gin Pro Pro Gly Leu Glu Thr Tyr Gly Phe 
885 890 895 

cct tea gtg acc etc ate tec cga cat cag ccg ggg gcc acc agg ctg 2736 
Pro Ser Val Thr Leu He Ser Arg His Gin Pro Gly Ala Thr Arg Leu 
900 905 910 

gag gga aac cat ttt ata gag tct gat gga acc aag ttt ggg aac cca 2784 
Glu Gly Asn His Phe He Glu Ser Asp Gly Thr Lys Phe Gly Asn Pro 
915 920 925 

caa cct ccc atg aag gga gaa ctg ctg ctg aag gca gag gga gcc act 2832 
Gin Pro Pro Met Lys Gly Glu Leu Leu Leu Lys Ala Glu Gly Ala Thr 
930 935 940 
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ttg gca ggc tgt ggc tct tec gtg ggt gga gec etc tgg ccc tct ggc 2880 
Leu Ala Gly Cys Gly Ser Ser Val Gly Gly Ala Leu Trp Pro Ser Gly 
945 950 955 960 

tct etc ttt gec tct cac ttg 2901 
Ser Leu Phe Ala Ser His Leu 
965 



<210> 4 

<211> 2486 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> CDS 

<222> (2) . . (1900) 

<220> 

<221> misc_feature 
<222> (172) 

<223> n = any nucleotide 
<400> 4 

t aat acg act cac tat agg gaa age tgg tac gec tgc agg tac egg tec 49 
Asn Thr Thr His Tyr Arg Glu Ser Trp Tyr Ala Cys Arg Tyr Arg Ser 
15 10 15 

gga att ccc ggg teg ace cac gcg tec gtg gag egg age cag ggt ctg 97 
Gly He Pro Gly Ser Thr His Ala Ser Val Glu Arg Ser Gin Gly Leu 
20 25 30 

age ctg ccg get cat cca gee tct ctt get gee eta gcg gee tco aac 145 
Ser Leu Pro Ala His Pro Ala Ser Leu Ala Ala Leu Ala Ala Ser Asn 
35 40 45 

aca acc gca tct ggg aaa ttg gag ctn gac ace ttc age cag ctg age 193 
Thr Thr Ala Ser Gly Lys Leu Glu Xaa Asp Thr Phe Ser Gin Leu Ser 
50 55 60 

tec ctg caa gec ctg gat ctt age tgg aac gee ate egg tec ate cac 241 
Ser Leu Gin Ala Leu Asp Leu Ser Trp Asn Ala He Arg Ser He His 
65 70 75 80 

cct gag gee ttc tec acc ctg cac tec ctg gtc aag ctg gac ctg aca 289 
Pro Glu Ala Phe Ser Thr Leu His Ser Leu Val Lys Leu Asp Leu Thr 
85 90 95 

gac aac cag ctg acc aca ctg ccc ctg get gga ctt ggg ggc ttg atg 337 
Asp Asn Gin Leu Thr Thr Leu Pro Leu Ala Gly Leu Gly Gly Leu Met 
100 105 110 

cat ctg aag etc aaa ggg aac ctt get etc tec cag gee ttc tec aag 385 
His Leu Lys Leu Lys Gly Asn Leu Ala Leu Ser Gin Ala Phe Ser Lys 
115 120 125 
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gac agt ttc cca aaa ctg agg ate ctg gag gtg cct tat gec tac cag 433 
Asp Ser Phe Pro Lys Leu Arg lie Leu Glu Val Pro Tyr Ala Tyr Gin 
130 135 140 

tgc tgt ccc tat ggg atg tgt gec age ttc ttc aag gee tct ggg cag 481 
Cys Cys Pro Tyr Gly Met Cys Ala Ser Phe Phe Lys Ala Ser Gly Gin 
145 150 155 160 

tgg gag get gaa gac ctt cac ctt gat gat gag gag tct tea aaa agg 529 
Trp Glu Ala Glu Asp Leu His Leu Asp Asp Glu Glu Ser Ser Lys Arg 
165 170 175 

ccc ctg ggc etc ctt gec aga caa gca gag aac cac tat gac cag gac 577 
Pro Leu Gly Leu Leu Ala Arg Gin Ala Glu Asn His Tyr Asp Gin Asp 
180 185 190 

ctg gat gag etc cag ctg gag atg gag gac tea aag cca cac ccc agt 625 
Leu Asp Glu Leu Gin Leu Glu Met Glu Asp Ser Lys Pro His Pro Ser 
195 200 205 

gtc cag tgt age cct act cca ggc ccc ttc aag ccc tgt gag tac etc 673 
Val Gin Cys Ser Pro Thr Pro Gly Pro Phe Lys Pro Cys Glu Tyr Leu 
210 215 220 

ttt gaa age tgg ggc ate cgc ctg gee gtg tgg gec ate gtg ttg etc 721 
Phe Glu Ser Trp Gly lie Arg Leu Ala Val Trp Ala lie Val Leu Leu 
225 230 235 240 

tec gtg etc tgc aat gga ctg gtg ctg ctg acc gtg ttc get ggc ggg 769 
Ser Val Leu Cys Asn Gly Leu Val Leu Leu Thr Val Phe Ala Gly Gly 
245 250 255 

cct gee ccc ctg ccc ccg gtc aag ttt gtg gta ggt gcg att gca ggc 817 
Pro Ala Pro Leu Pro Pro Val Lys Phe Val Val Gly Ala lie Ala Gly 
260 265 270 

gec aac acc ttg act ggc att tec tgt ggc ctt eta gec tea gtc gat 865 
Ala Asn Thr Leu Thr Gly lie Ser Cys Gly Leu Leu Ala Ser Val Asp 
275 280 285 

gec ctg acc ttt ggt cag ttc tct gag tac gga gee cgc tgg gag acg 913 
Ala Leu Thr Phe Gly Gin Phe Ser Glu Tyr Gly Ala Arg Trp Glu Thr 
290 295 300 

ggg eta ggc tgc egg gec act ggc ttc ctg gca gta ctt ggg teg gag 961 
Gly Leu Gly Cys Arg Ala Thr Gly Phe Leu Ala Val Leu Gly Ser Glu 
305 310 315 320 

gca teg gtg ctg ctg etc act ctg gee gca gtg cag tgc age gtc tec 1009 
Ala Ser Val Leu Leu Leu Thr Leu Ala Ala Val Gin Cys Ser Val Ser 
325 330 335 

gtc tec tgt gtc egg gec tat ggg aag tec ccc tec ctg ggc age gtt 1057 
Val Ser Cys Val Arg Ala Tyr Gly Lys Ser Pro Ser Leu Gly Ser Val 
340 345 350 



cga gca ggg gtc eta ggc tgc ctg gca ctg gca ggg ctg gee gee gca 



1105 
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Arg Ala Gly Val Leu Gly Cys Leu Ala Leu Ala Gly Leu Ala Ala Ala 
355 360 365 

ctg ccc ctg gcc tea gtg gga gaa tac ggg gec tec cca etc tgc ctg 1153 
Leu Pro Leu Ala Ser Val Gly Glu Tyr Gly Ala Ser Pro Leu Cys Leu 
370 375 380 

ccc tac gcg cca cct gag ggt cag cca gca gcc ctg ggc ttc acc gtg 1201 
Pro Tyr Ala Pro Pro Glu Gly Gin Pro Ala Ala Leu Gly Phe Thr Val 
385 390 395 400 

gcc ctg gtg atg atg aac tec ttc tgt ttc ctg gtc gtg gcc ggt gcc 1249 
Ala Leu Val Met Met Asn Ser Phe Cys Phe Leu Val Val Ala Gly Ala 
405 410 415 

tac ate aaa ctg tac tgt gac ctg ccg egg ggc gac ttt gag gcc gtg 1297 
Tyr lie Lys Leu Tyr Cys Asp Leu Pro Arg. Gly Asp Phe Glu Ala Val 
420 425 430 

tgg gac tgc gcc atg gtg agg cac gtg gcc tgg etc ate ttc gca gac 1345 
Trp Asp Cys Ala Met Val Arg His Val Ala Trp Leu He Phe Ala Asp 
435 440 445 

ggg etc etc tac tgt ccc gtg gcc ttc etc age ttc gcc tec atg ctg 1393 
Gly Leu Leu Tyr Cys Pro Val Ala Phe Leu Ser Phe Ala Ser Met Leu 
450 455 460 

ggc etc ttc cct gtc acg ccc gag gcc gtc aag tct gtc ctg ctg gtg 1441 
Gly Leu Phe Pro Val Thr Pro Glu Ala Val Lys Ser Val Leu Leu Val 
465 470 475 480 

gtg ctg ccc ctg cct gcc tgc etc aac cca ctg ctg tac ctg etc ttc 1489 
Val Leu Pro Leu Pro Ala Cys Leu Asn Pro Leu Leu Tyr Leu Leu Phe 
485 490 495 

aac ccc cac ttc egg gat gac ctt egg egg ctt egg ccc cgc gca ggg 1537 
Asn Pro His Phe Arg Asp Asp Leu Arg Arg Leu Arg Pro Arg Ala Gly 
500 505 510 

gac tea ggg ccc eta gcc tat get gcg gcc ggg gag ctg gag aag age 1585 
Asp Ser Gly Pro Leu Ala Tyr . Ala Ala Ala Gly Glu Leu Glu Lys Ser 
515 520 525 

tec tgt gat tct acc cag gcc ctg gta gcc ttc tct gat gtg gat etc 1633 
Ser Cys Asp Ser Thr Gin Ala Leu Val Ala Phe Ser Asp Val Asp Leu 
530 535 540 

att ctg gaa get tct gaa get ggg egg ccc cct ggg ctg gag acc tat 1681 
He Leu Glu Ala Ser Glu Ala Gly Arg Pro Pro Gly Leu Glu Thr Tyr 
545 550 555 560 

ggc ttc ccc tea gtg acc etc ate tec tgt cag cag cca ggg gcc ccc 1729 
Gly Phe Pro Ser Val Thr Leu He Ser Cys Gin Gin Pro Gly Ala Pro 
565 570 575 

agg ctg gag ggc age cat tgt gta gag cca gag ggg aac cac ttt ggg 1777 
Arg Leu Glu Gly Ser His Cys Val Glu Pro Glu Gly Asn His Phe Gly 
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580 585 590 

aac ccc caa ccc tec atg gat gga gaa ctg ctg ctg agg gca gag gga 1825 
Asn Pro Gin Pro Ser Met Asp Gly Glu Leu Leu Leu Arg Ala Glu Gly 
595 600 605 

tct acg cca gca ggt gga ggc ttg tea ggg ggt ggc ggc ttt cag ccc 1873 
Ser Thr Pro Ala Gly Gly Gly Leu Ser Gly Gly Gly Gly Phe Gin Pro 
610 615 620 

tct ggc ttg gec ttt get tea cac gtg taaatatccc tccccattct 1920 
Ser Gly Leu Ala Phe Ala Ser His Val 
625 630 

tctcttcccc tctcttccct ttcctctctc cccctcggtg aatgatggct gcttctaaaa 1980 

caaatacaac caaaactcag cagtgtgatc tatagcagga tggcccagta cctggctcca 2040 

ctgatcacct ctctcctgtg accatcacca aegggtgect cttggcctgg ctttcccttg 2100 

gccttcctca gcttcacctt gatactgggc ctcttccttg tcatgtctga agctgtggac 2160 

cagagacctg gacttttgtc tgcttaaggg aaatgaggga agtaaagaca gtgaaggggt 2220 

ggagggttga tcagggcaca gtggacaggg agacctcaca gagaaaggee tggaaggtga 2280 

tttcccgtgt gactcatgga taggatacaa aatgtgttcc atgtaccatt. aatcttgaca 2340 

tatgecatge ataaagactt cctattaaaa taagctttgg aagagattaa aaaaaaaaaa 2400 

aaagggegge cgctctagag gatccaagct tacgtacgcg tgeatgegae gtcatagctc 2460 

ttctatagtg tcacctaaat tcaatt 2486 



<210> 5 
<211> 633 
<212> PRT 

<213> Homo sapiens 
<220> 

<221> VARIANT 
<222> (57) 

<223> Xaa = any amino acid 
<400> 5 

Asn Thr Thr His Tyr Arg Glu Ser Trp Tyr Ala Cys Arg Tyr Arg Ser 
15 10 15 

Gly He Pro Gly Ser Thr His Ala Ser Val Glu Arg Ser Gin Gly Leu 
20 25 30 

Ser Leu Pro Ala His Pro Ala Ser Leu Ala Ala Leu Ala Ala Ser Asn 
35 40 45 

Thr Thr Ala Ser Gly Lys Leu Glu Xaa Asp Thr Phe Ser Gin Leu Ser 
50 55 60 
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Ser Leu Gin Ala Leu Asp Leu Ser Trp Asn Ala lie Arg Ser lie His 
65 70 75 80 

Pro Glu Ala Phe Ser Thr Leu His Ser Leu Val Lys Leu Asp Leu Thr 
85 90 95 

Asp Asn Gin Leu Thr Thr Leu Pro Leu Ala Gly Leu Gly Gly Leu Met 
100 105 110 

His Leu Lys Leu Lys Gly Asn Leu Ala Leu Ser Gin Ala Phe Ser Lys 
115 120 125 

Asp Ser Phe Pro Lys Leu Arg lie Leu Glu Val Pro Tyr Ala Tyr Gin 
130 135 140 

Cys Cys Pro Tyr Gly Met Cys Ala Ser Phe Phe Lys Ala Ser Gly Gin 
145 150 155 160 

Trp Glu Ala Glu Asp Leu His Leu Asp Asp Glu Glu Ser Ser Lys Arg 
165 170 175 

Pro Leu Gly Leu Leu Ala Arg Gin Ala Glu Asn His Tyr Asp Gin Asp 
180 185 190 

Leu Asp Glu Leu Gin Leu Glu Met Glu Asp Ser Lys Pro His Pro Ser 
195 200 205 

Val Gin Cys Ser Pro Thr Pro Gly Pro Phe Lys Pro Cys Glu Tyr Leu 
210 215 220 

Phe Glu Ser Trp Gly lie Arg Leu Ala Val Trp Ala lie Val Leu Leu 
225 230 235 240 

Ser Val Leu Cys Asn Gly Leu Val Leu Leu Thr Val Phe Ala Gly Gly 
245 250 255 

Pro Ala Pro Leu Pro Pro Val Lys Phe Val Val Gly Ala He Ala Gly 
260 265 270 

Ala Asn Thr Leu Thr Gly He Ser Cys Gly Leu Leu Ala Ser Val Asp 
275 280 285 

Ala Leu Thr Phe Gly Gin Phe Ser Glu Tyr Gly Ala Arg Trp Glu Thr 
290 295 300 

Gly Leu Gly Cys Arg Ala Thr Gly Phe Leu Ala Val Leu Gly Ser Glu 
305 310 315 320 

Ala Ser Val Leu Leu Leu Thr Leu Ala Ala Val Gin Cys Ser Val Ser 
325 330 335 

Val Ser Cys Val Arg Ala Tyr Gly Lys Ser Pro Ser Leu Gly Ser Val 
340 345 350 

Arg Ala Gly Val Leu Gly Cys Leu Ala Leu Ala Gly Leu Ala Ala Ala 
355 360 365 
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Leu Pro Leu Ala Ser Val Gly Glu Tyr Gly Ala Ser Pro Leu Cys Leu 
370 375 380 

Pro Tyr Ala Pro Pro Glu Gly Gin Pro Ala Ala Leu Gly Phe Thr Val 
385 390 395 400 

Ala Leu Val Met Met Asn Ser Phe Cys Phe Leu Val Val Ala Gly Ala 
405 410 415 

Tyr lie Lys Leu Tyr Cys Asp Leu Pro Arg Gly Asp Phe Glu Ala Val 
420 425 430 

Trp Asp Cys Ala Met Val Arg His Val Ala Trp Leu lie Phe Ala Asp 
435 440 445 

Gly Leu Leu Tyr Cys Pro Val Ala Phe Leu Ser Phe Ala Ser Met Leu 
450 455 460 * 

Gly Leu Phe Pro Val Thr Pro Glu Ala Val Lys Ser Val Leu Leu Val 
465 470 475 480 

Val Leu Pro Leu Pro Ala Cys Leu Asn Pro Leu Leu Tyr Leu Leu Phe 
485 490 495 

Asn Pro His Phe Arg Asp Asp Leu Arg Arg Leu Arg Pro Arg Ala Gly 
500 505 510 

Asp Ser Gly Pro Leu Ala Tyr Ala Ala Ala Gly Glu Leu Glu Lys Ser 
515 520 525 

Ser Cys Asp Ser Thr Gin Ala Leu Val Ala Phe Ser Asp Val Asp Leu 
530 535 540 

lie Leu Glu Ala Ser Glu Ala Gly Arg Pro Pro Gly Leu Glu Thr Tyr 
545 550 555 560 

Gly Phe Pro Ser Val Thr Leu lie Ser Cys Gin Gin Pro Gly Ala Pro 
565 570 575 

Arg Leu Glu Gly Ser His Cys Val Glu Pro Glu Gly Asn His Phe Gly 
580 585 590 

Asn Pro Gin Pro Ser Met Asp Gly Glu Leu Leu Leu Arg Ala Glu Gly 
595 600 605 

Ser Thr Pro Ala Gly Gly Gly Leu Ser Gly Gly Gly Gly Phe Gin Pro 
610 615 620 



Ser Gly Leu Ala Phe Ala Ser His Val 
625 630 



<210> 6 

<211> 1899 

<212> DNA 

<213> Homo sapiens 
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<220> 

<221> CDS 

<222> (1) . . (1899) 

<220> 

<221> misc_feature 
<222> (171) 

<223> n = any nucleotide 
<400> 6 

aat acg act cac tat agg gaa age tgg tac gec tgc agg tac egg tec 48 
Asn Thr Thr His Tyr Arg Glu Ser Trp Tyr Ala Cys Arg Tyr Arg Ser 
15 10 15 

gga att ccc ggg teg ace cac gcg tec gtg gag egg age cag ggt ctg 96 
Gly lie Pro Gly Ser Thr His Ala Ser Val Glu Arg Ser Gin Gly Leu 
20 25 30 

age ctg ccg get cat cca gec tct ctt get gee eta gcg gee tec aac 144 
Ser Leu Pro Ala His Pro Ala Ser Leu Ala Ala Leu Ala Ala Ser Asn 
35 40 45 

aca ace gca tct ggg aaa ttg gag ctn gac acc ttc age cag ctg age 192 
Thr Thr Ala Ser Gly Lys Leu Glu Xaa Asp Thr Phe Ser Gin Leu Ser 
50 55 60 

tec ctg caa gec ctg gat ctt age tgg aac gee ate egg tec ate cac 240 
Ser Leu Gin Ala Leu Asp Leu Ser Trp Asn Ala lie Arg Ser lie His 
65 70 75 80 

cct gag gee ttc tec acc ctg cac tec ctg gtc aag ctg gac ctg aca 288 
Pro Glu Ala Phe Ser Thr Leu His Ser Leu Val Lys Leu Asp Leu Thr 
85 90 95 

gac aac cag ctg acc aca ctg ccc ctg get gga ctt ggg ggc ttg atg 33 6 
Asp Asn Gin Leu Thr Thr Leu Pro Leu Ala Gly Leu Gly Gly Leu Met 
100 105 110 

cat ctg aag etc aaa ggg aac ctt get etc tec cag gec ttc tec aag 384 
His Leu Lys Leu Lys Gly Asn Leu Ala Leu Ser Gin Ala Phe Ser Lys 
115 120 125 

gac agt ttc cca aaa ctg agg ate ctg gag gtg cct tat gee tac cag 432 
Asp Ser Phe Pro Lys Leu Arg lie Leu Glu Val Pro Tyr Ala Tyr Gin 
130 135 140 

tgc tgt ccc tat ggg atg tgt gee age ttc ttc aag gee tct ggg cag 480 
Cys Cys Pro Tyr Gly Met Cys Ala Ser Phe Phe Lys Ala Ser Gly Gin 
145 150 155 160 

tgg gag get gaa gac ctt cac ctt gat gat gag gag tct tea aaa agg 528 
Trp Glu Ala Glu Asp Leu His Leu Asp Asp Glu Glu Ser Ser Lys Arg 
165 170 175 

ccc ctg ggc etc ctt gee aga caa gca gag aac cac tat gac cag gac 576 
Pro Leu Gly Leu Leu Ala Arg Gin Ala Glu Asn His Tyr Asp Gin Asp 
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180 185 190 

ctg gat gag etc cag ctg gag atg gag gac tea aag cca cac ccc agt 624 
Leu Asp Glu Leu Gin Leu Glu Met Glu Asp Ser Lys Pro His Pro Ser 
195 200 205 

gtc cag tgt age cct act cca ggc ccc ttc aag ccc tgt gag tac etc 672 
Val Gin Cys Ser Pro Thr Pro Gly Pro Phe Lys Pro Cys Glu Tyr Leu 
210 215 220 

ttt gaa age tgg ggc ate cgc ctg gec gtg tgg gee ate gtg ttg etc 720 
Phe Glu Ser Trp Gly lie Arg Leu Ala Val Trp Ala lie Val Leu Leu 
225 230 235 240 

tec gtg etc tgc aat gga ctg gtg ctg ctg ace gtg ttc get ggc ggg 768 
Ser Val Leu Cys Asn Gly Leu Val Leu Leu Thr Val Phe Ala Gly Gly 
245 250 255 

cct gec ccc ctg ccc ccg gtc aag ttt gtg gta ggt gcg att gca ggc 816 
Pro Ala Pro Leu Pro Pro Val Lys Phe Val Val Gly Ala lie Ala Gly 
260 265 270 

gec aac acc ttg act ggc att tec tgt ggc ctt eta gee tea gtc gat 864 
Ala Asn Thr Leu Thr Gly He Ser Cys Gly Leu Leu Ala Ser Val Asp 
275 280 285 

gec ctg acc ttt ggt cag ttc tct gag tac gga gee cgc tgg gag acg 912 
Ala Leu Thr Phe Gly Gin Phe Ser Glu Tyr Gly Ala Arg Trp Glu Thr 
290 295 300 

ggg eta ggc tgc egg gec act ggc ttc ctg gca gta ctt ggg teg gag 9 60 
Gly Leu Gly Cys Arg Ala Thr Gly Phe Leu Ala Val Leu Gly Ser Glu 
305 310 315 320 

gca teg gtg ctg ctg etc act ctg gec gca gtg cag tgc age gtc tec 1008 
Ala Ser Val Leu Leu Leu Thr Leu Ala Ala Val Gin Cys Ser Val Ser 
325 330 335 

gtc tec tgt gtc egg gec tat ggg aag tec ccc tec ctg ggc age gtt 1056 
Val Ser Cys Val Arg Ala Tyr Gly Lys Ser Pro Ser Leu Gly Ser Val 
340 345 350 

cga gca ggg gtc eta ggc tgc ctg gca ctg gca ggg ctg gee gee gca 1104 
Arg Ala Gly Val Leu Gly Cys Leu Ala Leu Ala Gly Leu Ala Ala Ala 
355 360 365 

ctg ccc ctg gee tea gtg gga gaa tac ggg gee tec cca etc tgc ctg 1152 
Leu Pro Leu Ala Ser Val Gly Glu Tyr Gly Ala Ser Pro Leu Cys Leu 
370 375 380 

ccc tac gcg cca cct gag ggt cag cca gca gee ctg ggc ttc acc gtg 1200 
Pro Tyr Ala Pro Pro Glu Gly Gin Pro Ala Ala Leu Gly Phe Thr Val 
385 390 395 400 

gec ctg gtg atg atg aac tec ttc tgt ttc ctg gtc gtg gee ggt gec 1248 
Ala Leu Val Met Met Asn Ser Phe Cys Phe Leu Val Val Ala Gly Ala 
405 410 415 
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tac ate aaa ctg tac tgt gac ctg ccg egg ggc gac ttt gag gec gtg 1296 
Tyr lie Lys Leu Tyr Cys Asp Leu Pro Arg Gly Asp Phe Glu Ala Val 
420 425 430 

tgg gac tgc gec atg gtg agg cac gtg gee tgg etc ate ttc gca gac 1344 
Trp Asp Cys Ala Met Val Arg His Val Ala Trp Leu lie Phe Ala Asp 
435 440 445 

ggg etc etc tac tgt ccc gtg gec ttc etc age ttc gec tec atg ctg 1392 
Gly Leu Leu Tyr Cys Pro Val Ala Phe Leu Ser Phe Ala Ser Met Leu 
450 455 460 

ggc etc ttc cct gtc acg ccc gag gee gtc aag tct gtc ctg ctg gtg 1440 
Gly Leu Phe Pro Val Thr Pro Glu Ala Val Lys Ser Val Leu Leu Val 
465 470 475 480 

gtg ctg ccc ctg cct gee tgc etc aac cca ctg ctg tac ctg etc ttc 1488 
Val Leu Pro Leu Pro Ala Cys Leu Asn Pro Leu Leu Tyr Leu Leu Phe 
485 490 495 

aac ccc cac ttc egg gat gac ctt egg egg ctt egg ccc cgc gca ggg 1536 
Asn Pro His Phe Arg Asp Asp Leu Arg Arg Leu Arg Pro Arg Ala Gly 
500 505 510 

gac tea ggg ccc eta gee tat get gcg gee ggg gag ctg gag aag age 1584 
Asp Ser Gly Pro Leu Ala Tyr Ala Ala Ala Gly Glu Leu Glu Lys Ser 
515 520 525 

tec tgt gat tct ace cag gec ctg gta gee ttc tct gat gtg gat etc 1632 
Ser Cys Asp Ser Thr Gin Ala Leu Val Ala Phe Ser Asp Val Asp Leu 
530 535 540 

att ctg gaa get tct gaa get ggg egg ccc cct ggg ctg gag ace tat 1680 
He Leu Glu Ala Ser Glu Ala Gly Arg Pro Pro Gly Leu Glu Thr Tyr 
545 550 555 560 

ggc ttc ccc tea gtg acc etc ate tec tgt cag cag cca ggg gee ccc 1728 
Gly Phe Pro Ser Val Thr Leu He Ser Cys Gin Gin Pro Gly Ala Pro 
565 570 575 

agg ctg gag ggc age cat tgt gta gag cca gag ggg aac cac ttt ggg 1776 
Arg Leu Glu Gly Ser His Cys Val Glu Pro Glu Gly Asn His Phe Gly 
580 585 590 

aac ccc caa ccc tec atg gat gga gaa ctg ctg ctg agg gca gag gga 1824 
Asn Pro Gin Pro Ser Met Asp Gly Glu Leu Leu Leu Arg Ala Glu Gly 
595 600 605 

tct acg cca gca ggt gga ggc ttg tea ggg ggt ggc ggc ttt cag ccc 1872 
Ser Thr Pro Ala Gly Gly Gly Leu Ser Gly Gly Gly Gly Phe Gin Pro 
610 615 620 

tct ggc ttg gee ttt get tea cac gtg 1899 
Ser Gly Leu Ala Phe Ala Ser His Val 
625 630 
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<210> 7 
<211> 2711 
<212> DNA 

<213> Homo sapiens 

<220> 

<221> CDS 

<222> (1) . . (2208) 

<400> 7 

ggg ctg cac aat ctg gag aca eta gac ctg aat tat aac aag ctg cag 48 
Gly Leu His Asn Leu Glu Thr Leu Asp Leu Asn Tyr Asn Lys Leu Gin 
15 10 15 

gag ttc cct gtg gec ate egg ace ctg ggc aga ctg cag gaa ctg ggg 96 
Glu Phe Pro Val Ala lie Arg Thr Leu Gly Arg Leu Gin Glu Leu Gly 
20 25 30 

ttc cat aac aac aac ate aag gec ate cca gaa aag gec ttc atg ggg 144 
Phe His Asn Asn Asn lie Lys Ala lie Pro Glu Lys Ala Phe Met Gly 
35 40 45 

aac cct ctg eta cag acg ata cac ttt tat gat aac cca ate cag ttt 192 
Asn Pro Leu Leu Gin Thr lie His Phe Tyr Asp Asn Pro lie Gin Phe 
50 55 60 

gtg gga aga teg gca ttc cag tac ctg cct aaa etc cac aca eta tct 240 
Val Gly Arg Ser Ala Phe Gin Tyr Leu Pro Lys Leu His Thr Leu Ser 
65 70 75 80 

ctg aat ggt gee atg gac ate cag gag ttt cca gat etc aaa ggc ace 288 
Leu Asn Gly Ala Met Asp lie Gin Glu Phe Pro Asp Leu Lys Gly Thr 
85 90 95 

acc age ctg gag ate ctg ace ctg ace cgc gca ggc ate egg ctg etc 33 6 
Thr Ser Leu Glu lie Leu Thr Leu Thr Arg Ala Gly lie Arg Leu Leu 
100 105 110 

cca teg ggg atg tgc caa cag ctg ccc agg etc cga gtc ctg gaa ctg 384 
Pro Ser Gly Met Cys Gin Gin Leu Pro Arg Leu Arg Val Leu Glu Leu 
115 120 125 

tct cac aat caa att gag gag ctg ccc age ctg cac agg tgt cag aaa 432 
Ser His Asn Gin lie Glu Glu Leu Pro Ser Leu His Arg Cys Gin Lys 
130 135 140 

ttg gag gaa ate ggc etc caa cac aac cgc ate tgg gaa att gga get 480 
Leu Glu Glu lie Gly Leu Gin His Asn Arg lie Trp Glu lie Gly Ala 
145 150 155 160 

gac acc ttc age cag ctg age tec ctg caa gee ctg gat ctt age tgg 52 8 
Asp Thr Phe Ser Gin Leu Ser Ser Leu Gin Ala Leu Asp Leu Ser Trp 
165 170 175 



aac gec ate egg tec ate cac cct gag gee ttc tec acc ctg cac tec 
Asn Ala He Arg Ser He His Pro Glu Ala Phe Ser Thr Leu His Ser 



576 
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180 185 190 

ctg gtc aag ctg gac ctg aca gac aac cag ctg acc aca ctg ccc ctg 624 
Leu Val Lys Leu Asp Leu Thr Asp Asn Gin Leu Thr Thr Leu Pro Leu 
195 200 205 

get gga ctt ggg ggc ttg atg cat ctg aag etc aaa ggg aac ctt get 672 
Ala Gly Leu Gly Gly Leu Met His Leu Lys Leu Lys Gly Asn Leu Ala 
210 215 220 

etc tec cag gec ttc tec aag gac agt ttc cca aaa ctg agg ate ctg 720 
Leu Ser Gin Ala Phe Ser Lys Asp Ser Phe Pro Lys Leu Arg He Leu 
225 230 235 240 

gag gtg cct tat gee tac cag tgc tgt ccc tat ggg atg tgt gee age 768 
Glu Val Pro Tyr Ala Tyr Gin Cys Cys Pro Tyr Gly Met Cys Ala Ser 
245 . 250 255 

ttc ttc aag gec tct ggg cag tgg gag get gaa gac ctt cac ctt gat 816 
Phe Phe Lys Ala Ser Gly Gin Trp Glu Ala Glu Asp Leu His Leu Asp 
260 265 270 

gat gag gag tct tea aaa agg ccc ctg ggc etc ctt gec aga caa gca 864 
Asp Glu Glu Ser Ser Lys Arg Pro Leu Gly Leu Leu Ala Arg Gin Ala 
275 280 285 

gag aac cac tat gac cag gac ctg gat gag etc cag ctg gag atg gag 912 
Glu Asn His Tyr Asp Gin Asp Leu Asp Glu Leu Gin Leu Glu Met Glu 
290 295 300 

gac tea aag cca cac ccc agt gtc cag tgt age cct act cca ggc ccc 960 
Asp Ser Lys Pro His Pro Ser Val Gin Cys Ser Pro Thr Pro Gly Pro 
305 310 315 320 

ttc aag ccc tgt gag tac etc ttt gaa age tgg ggc ate cgc ctg gec 1008 
Phe Lys Pro Cys Glu Tyr Leu Phe Glu Ser Trp Gly He Arg Leu Ala 
325 330 335 

gtg tgg gee ate gtg ttg etc tec gtg etc tgc aat gga ctg gtg ctg 1056 
Val Trp Ala He Val Leu Leu Ser Val Leu Cys Asn Gly Leu Val Leu 
340 345 350 

ctg acc gtg ttc get ggc ggg cct gee ccc ctg ccc ccg gtc aag ttt 1104 
Leu Thr Val Phe Ala Gly Gly Pro Ala Pro Leu Pro Pro Val Lys Phe 
355 360. 365 

gtg gta ggt gcg att gca ggc gee aac acc ttg act ggc att tec tgt 1152 
Val Val Gly Ala He Ala Gly Ala Asn Thr Leu Thr Gly He Ser Cys 
370 375 380 

ggc ctt eta gec tea gtc gat gee ctg acc ttt ggt cag ttc tct gag 1200 
Gly Leu Leu Ala Ser Val Asp Ala Leu Thr Phe Gly Gin Phe Ser Glu 
385 390 395 400 

tac gga gee cgc tgg gag acg ggg eta ggc tgc egg gec act ggc ttc 1248 
Tyr Gly Ala Arg Trp Glu Thr Gly Leu Gly Cys Arg Ala Thr Gly Phe 
405 410 415 
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ctg gca gta ctt ggg teg gag gca teg gtg ctg ctg etc act ctg gee 1296 
Leu Ala Val Leu Gly Ser Glu Ala Ser Val Leu Leu Leu Thr Leu Ala 
420 425 430 

gca gtg cag tgc age gtc tec gtc tec tgt gtc egg gee tat ggg aag 1344 
Ala Val Gin Cys Ser Val Ser Val Ser Cys Val Arg Ala Tyr Gly Lys 
435 440 445 

tec ccc tec ctg ggc age gtt cga gca ggg gtc eta ggc tgc ctg gca 1392 
Ser Pro Ser Leu Gly Ser Val Arg Ala Gly Val Leu Gly Cys Leu Ala 
450 455 460 

ctg gca ggg ctg gec gec gca ctg ccc ctg gee tea gtg gga gaa tac 1440 
Leu Ala Gly Leu Ala Ala Ala Leu Pro Leu Ala Ser Val Gly Glu Tyr 
465 470 475 480 

ggg gee tec cca etc tgc ctg ccc tac gcg cca cct gag ggt cag cca 1488 
" Gly Ala Ser Pro Leu Cys Leu Pro Tyr Ala Pro Pro Glu Gly Gin Pro 
485 490 495 

gca gee ctg ggc ttc acc gtg gec ctg gtg atg atg aac tec ttc tgt 1536 
Ala Ala Leu Gly Phe Thr Val Ala Leu Val Met Met Asn Ser Phe Cys 
500 505 510 

ttc ctg gtc gtg gec ggt gec tac ate aaa ctg tac tgt gac ctg ccg 1584 
Phe Leu Val Val Ala Gly Ala Tyr lie Lys Leu Tyr Cys Asp Leu Pro 
515 520 525 

egg ggc gac ttt gag gec gtg tgg gac tgc gee atg gtg agg cac gtg 1632 
Arg Gly Asp Phe Glu Ala Val Trp Asp Cys Ala Met Val Arg His Val 
530 535 540 

gec tgg etc ate ttc gca gac ggg etc etc tac tgt ccc gtg gee ttc 1680 
Ala Trp Leu lie Phe Ala Asp Gly Leu Leu Tyr Cys Pro Val Ala Phe 
545 550 555 560 

etc age ttc gee tec atg ctg ggc etc ttc cct gtc acg ccc gag gec 1728 
Leu Ser Phe Ala Ser Met Leu Gly Leu Phe Pro Val Thr Pro Glu Ala 
565 570 575 

gtc aag tct gtc ctg ctg gtg gtg ctg ccc ctg cct gee tgc etc aac 1776 

ral Lys Ser Val Leu Leu Val Val Leu Pro Leu Pro Ala Cys Leu Asn 
580 585 590 

cca ctg ctg tac ctg etc ttc aac ccc cac ttc egg gat gac ctt egg 1824 
Pro Leu Leu Tyr Leu Leu Phe Asn Pro His Phe Arg Asp Asp Leu Arg 
595 600 605 

egg ctt egg ccc cgc gca ggg gac tea ggg ccc eta gec tat get gcg 1872 
Arg Leu Arg Pro Arg Ala Gly Asp Ser Gly Pro Leu Ala Tyr Ala Ala 
610 615 620 

gee ggg gag ctg gag aag age tec tgt gat tct acc cag gee ctg gta 1920 
Ala Gly Glu Leu Glu Lys Ser Ser Cys Asp Ser Thr Gin Ala Leu Val 
625 630 635 640 
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gcc ttc tct gat gtg gat etc att ctg gaa get tct gaa get ggg egg 1968 
Ala Phe Ser Asp Val Asp Leu lie Leu Glu Ala Ser Glu Ala Gly Arg 
645 650 655 

ccc cct ggg ctg gag ace tat ggc ttc ccc tea gtg ace etc ate tec 2016 
Pro Pro Gly Leu Glu Thr Tyr Gly Phe Pro Ser Val Thr Leu lie Ser 
660 665 670 

tgt cag cag cca ggg gcc ccc agg ctg gag ggc age cat tgt gta gag 2064 
Cys Gin Gin Pro Gly Ala Pro Arg Leu Glu Gly Ser His Cys Val Glu 
675 680 685 

cca gag ggg aac cac ttt ggg aac ccc caa ccc tec atg gat gga gaa 2112 
Pro Glu Gly Asn His Phe Gly Asn Pro Gin Pro Ser Met Asp Gly Glu 
690 695 700 

ctg ctg ctg agg gca gag gga tct acg cca gca ggt gga ggc ttg tea 2160 
Leu Leu Leu Arg Ala Glu Gly Ser Thr Pro Ala Gly Gly Gly Leu Ser 
705 710 715 720 

ggg ggt ggc ggc ttt cag ccc tct ggc ttg gcc ttt get tea cac gtg 2208 
Gly Gly Gly Gly Phe Gin Pro Ser Gly Leu Ala Phe Ala Ser His Val 





725 




730 




735 


taaatatccc 


tccccattct 


tctcttcccc 


tctcttccct 


ttcctctctc 


cccctcggtg 2268 


aatgatggct 


gcttctaaaa 


caaatacaac 


caaaactcag 


cagtgtgatc 


tatagcagga 232 8 


tggcccagta 


cctggctcca 


ctgatcacct 


ctctcctgtg 


accatcacca 


aegggtgect 2388 


cttggcctgg 


ctttcccttg 


gccttcctca 


gcttcacctt 


gatactgggc 


ctcttccttg 2448 


tcatgtctga 


agctgtggac 


cagagacctg 


gacttttgtc 


tgcttaaggg 


aaatgaggga 2508 


agtaaagaca 


gtgaaggggt 


ggagggttga 


tcagggcaca 


gtggacaggg 


agacctcaca 2568 


gagaaaggee 


tggaaggtga 


tttcccgtgt. 


gactcatgga 


taggatacaa 


aatgtgttcc 2628 


atgtaccatt 


aatcttgaca 


tatgecatge 


ataaagactt 


cctattaaaa 


taagctttgg 2688 


aagagattaa 


aaaaaaaaaa 


aaa 






2711 



<210> 8 
<211> 736 
<212> PRT 

<213> Homo sapiens 
<400> 8 

Gly Leu His Asn Leu Glu Thr Leu Asp Leu Asn Tyr Asn Lys Leu Gin 
15 10 15 

Glu Phe Pro Val Ala lie Arg Thr Leu Gly Arg Leu Gin Glu Leu Gly 
20 25 30 



Phe His Asn Asn Asn lie Lys Ala lie Pro Glu Lys Ala Phe Met Gly 
35 40 45 
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Asn Pro Leu Leu Gin Thr lie His Phe Tyr Asp Asn Pro lie Gin Phe 
50 55 60 

Val Gly Arg Ser Ala Phe Gin Tyr Leu Pro Lys Leu His Thr Leu Ser 
65 70 75 80 

Leu Asn Gly Ala Met Asp He Gin Glu Phe Pro Asp Leu Lys Gly Thr 
85 90 95 

Thr Ser Leu Glu He Leu Thr Leu Thr Arg Ala Gly He Arg Leu Leu 
100 105 110 

Pro Ser Gly Met Cys Gin Gin Leu Pro Arg Leu Arg Val Leu Glu Leu 
115 ~ 120 125 

Ser His Asn Gin He Glu Glu Leu Pro Ser Leu His Arg Cys Gin Lys 
130 135 140 

Leu Glu Glu He Gly Leu Gin His Asn Arg He Trp Glu He Gly Ala 
145 150 % 155 160 

Asp Thr Phe Ser Gin Leu Ser Ser Leu Gin Ala Leu Asp Leu Ser Trp 
165 170 175 

Asn Ala He Arg Ser He His Pro Glu Ala Phe Ser Thr Leu His Ser 
180 185 190 

Leu Val Lys Leu Asp Leu Thr Asp Asn Gin Leu Thr Thr Leu Pro Leu 
195 200 205 

Ala Gly Leu Gly Gly Leu Met His Leu Lys Leu Lys Gly Asn Leu Ala 
210 215 220 

Leu Ser Gin Ala Phe Ser Lys Asp Ser Phe Pro Lys Leu Arg He Leu 
225 230 235 240 

Glu Val Pro Tyr Ala Tyr Gin Cys Cys Pro Tyr Gly Met Cys Ala Ser 
245 250 255 

Phe Phe Lys Ala Ser Gly Gin Trp Glu Ala Glu Asp Leu His Leu Asp 
260 265 270 

Asp Glu Glu Ser Ser Lys Arg Pro Leu Gly Leu Leu Ala Arg Gin Ala 
275 280 285 

Glu Asn His Tyr Asp Gin Asp Leu Asp Glu Leu Gin Leu Glu Met Glu 
290 295 300 

Asp Ser Lys Pro His Pro Ser Val Gin Cys Ser Pro Thr Pro Gly Pro 
305 310 315 320 

Phe Lys Pro Cys Glu Tyr Leu Phe Glu Ser Trp Gly He Arg Leu Ala 
325 330 335 



Val Trp Ala He Val Leu Leu Ser Val Leu Cys Asn Gly Leu Val Leu 
340 345 350 
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Leu Thr Val Phe Ala Gly Gly Pro Ala Pro Leu Pro Pro Val Lys Phe 
355 360 365 

Val Val Gly Ala lie Ala Gly Ala Asn Thr Leu Thr Gly He Ser Cys 
370 375 380 

Gly Leu Leu Ala Ser Val Asp Ala Leu Thr Phe Gly Gin Phe Ser Glu 
385 390 395 400 

Tyr Gly Ala Arg Trp Glu Thr. Gly Leu Gly Cys Arg Ala Thr Gly Phe 
405 410 415 

Leu Ala Val Leu Gly Ser Glu Ala Ser Val Leu Leu Leu Thr Leu Ala 
420 425 430 

Ala Val Gin Cys Ser Val Ser Val Ser Cys Val Arg Ala Tyr Gly Lys 
435 440 445 

Ser Pro Ser Leu Gly Ser Val Arg Ala Gly Val Leu Gly Cys Leu Ala 
450 455 460 

Leu Ala Gly Leu Ala Ala Ala Leu Pro Leu Ala Ser Val Gly Glu Tyr 
465 470 475 480 

Gly Ala Ser Pro Leu Cys Leu Pro Tyr Ala Pro Pro Glu Gly Gin Pro 
485 490 495 

Ala Ala Leu Gly Phe Thr Val Ala Leu Val Met Met Asn Ser Phe Cys 
500 505 510 

Phe Leu Val Val Ala Gly Ala Tyr He Lys Leu Tyr Cys Asp Leu Pro 
515 520 525 

Arg Gly Asp Phe Glu Ala Val Trp Asp Cys Ala Met Val Arg His Val 
530 535 540 

Ala Trp Leu He Phe Ala Asp Gly Leu Leu Tyr Cys Pro Val Ala Phe 
545 550 555 560 

Leu Ser Phe Ala Ser Met Leu Gly Leu Phe Pro Val Thr Pro Glu Ala 



Val Lys Ser Val Leu Leu Val Val Leu Pro Leu Pro Ala Cys Leu Asn 

580 585 590 

Pro Leu Leu Tyr Leu Leu Phe Asn Pro His Phe Arg Asp Asp Leu Arg 

595 600 605 

Arg Leu Arg Pro Arg Ala Gly Asp Ser Gly Pro Leu Ala Tyr Ala Ala 

610 615 620 

Ala Gly Glu Leu Glu Lys Ser Ser Cys Asp Ser Thr Gin Ala Leu Val 

625 630 635 640 

Ala Phe Ser Asp Val Asp Leu He Leu Glu Ala Ser Glu Ala Gly Arg 



565 



570 



575 



645 



650 



655 
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Pro Pro Gly Leu Glu Thr Tyr Gly Phe Pro Ser Val Thr Leu lie Ser 
660 665 670 

Cys Gin Gin Pro Gly Ala Pro Arg Leu Glu Gly Ser His Cys Val Glu 
675 680 685 

Pro Glu Gly Asn His Phe Gly Asn Pro Gin Pro Ser Met Asp Gly Glu 
690 695 700 

Leu Leu Leu Arg Ala Glu Gly Ser Thr Pro Ala Gly Gly Gly Leu Ser 
705 710 715 720 

Gly Gly Gly Gly Phe Gin Pro Ser Gly Leu Ala Phe Ala Ser 'His Val 
725 730 735 



<210> 9 
<211> 2208 
<212> DNA 

<213> Homo sapiens 

<220> 

<221> CDS 

<222> (1)..(2208) 

<400> 9 

ggg ctg cac aat ctg gag aca eta gac ctg aat tat aac aag ctg cag 48 
Gly Leu His Asn Leu Glu Thr Leu Asp Leu Asn Tyr Asn Lys Leu Gin 
15 10 15 

gag ttc cct gtg gec ate egg acc ctg ggc aga ctg cag gaa ctg ggg 96 
Glu Phe Pro Val Ala He Arg Thr Leu Gly Arg Leu Gin Glu Leu Gly 
20 25 30 

ttc cat aac aac aac ate aag gec ate cca gaa aag gec ttc atg ggg 144 
Phe His Asn Asn Asn He Lys Ala He Pro Glu Lys Ala Phe Met Gly 
35 40 45 

aac cct ctg eta cag acg ata cac ttt tat gat aac cca ate cag ttt 192 
Asn Pro Leu Leu Gin Thr He His Phe Tyr Asp Asn Pro He Gin Phe 
50 55 60 

gtg gga aga teg gca ttc cag tac ctg cct aaa etc cac aca eta tct 240 
Val Gly Arg Ser Ala Phe Gin Tyr Leu Pro Lys Leu His Thr Leu Ser 
65 70 75 80 

ctg aat ggt gee atg gac ate cag gag ttt cca gat etc aaa ggc acc 288 
Leu Asn Gly Ala Met Asp He Gin Glu Phe Pro Asp Leu Lys Gly Thr 
85 90 95 

acc age ctg gag ate ctg acc ctg acc cgc gca ggc ate egg ctg etc 336 
Thr Ser Leu Glu He Leu Thr Leu Thr Arg Ala Gly He Arg Leu Leu 
100 105 110 



cca teg ggg atg tgc caa cag ctg ccc agg etc cga gtc ctg gaa ctg 384 
Pro Ser Gly Met Cys Gin Gin Leu Pro Arg Leu Arg Val Leu Glu Leu 
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115 120 125 

tct cac aat caa att gag gag ctg ccc age ctg cac agg tgt cag aaa 432 
Ser His Asn Gin lie Glu Glu Leu Pro Ser Leu His Arg Cys Gin Lys 
130 135 140 

ttg gag gaa ate ggc etc caa cac aac cgc ate tgg gaa att gga get 480 
Leu Glu Glu lie Gly Leu Gin His Asn Arg lie Trp Glu lie Gly Ala 
145 150 155 160 

gac ace ttc age cag ctg age tec ctg caa gec ctg gat ctt age tgg 528 
Asp Thr Phe Ser Gin Leu Ser Ser Leu Gin Ala Leu Asp Leu Ser Trp 
165 170 175 

aac gec ate egg tec ate cac cct gag gee ttc tec ace ctg cac tec 576 
Asn Ala lie Arg Ser lie His Pro Glu Ala Phe Ser Thr Leu His Ser 
180 185 190 

ctg gtc aag ctg gac ctg aca gac aac cag ctg ace aca ctg ccc ctg 624 
Leu Val Lys Leu Asp Leu Thr Asp Ash Gin Leu Thr Thr Leu Pro Leu 
195 200 205 

get gga ctt ggg ggc ttg atg cat ctg aag etc aaa ggg aac ctt get 672 
Ala Gly Leu Gly Gly Leu Met His Leu Lys Leu Lys Gly Asn Leu Ala 
210 215 220 

etc tec cag gee ttc tec aag gac agt ttc cca aaa ctg agg ate ctg 720 
Leu Ser Gin Ala Phe Ser Lys Asp Ser Phe Pro Lys Leu Arg lie Leu 
225 230 235 240 

gag gtg cct tat gee tac cag tgc tgt ccc tat ggg atg tgt gee age 768 
Glu Val Pro Tyr Ala Tyr Gin Cys Cys Pro Tyr Gly Met Cys Ala Ser 
245 250 255 

ttc ttc aag gec tct ggg cag tgg gag get gaa gac ctt cac ctt gat 816 
Phe Phe Lys Ala Ser Gly Gin Trp Glu Ala Glu Asp Leu His Leu Asp 
260 265 270 

gat gag gag tct tea aaa agg ccc ctg ggc etc ctt gee aga caa gca 864 
Asp Glu Glu Ser Ser Lys Arg Pro Leu Gly Leu Leu Ala Arg Gin Ala 
275 280 285 

gag aac cac tat gac cag gac ctg gat gag etc cag ctg gag atg gag 912 
Glu Asn His Tyr Asp Gin Asp Leu Asp Glu Leu Gin Leu Glu Met Glu 
290 295 300 

gac tea aag cca cac ccc agt gtc cag tgt age cct act cca ggc ccc 960 
Asp Ser Lys Pro His Pro Ser Val Gin Cys Ser Pro Thr Pro Gly Pro 
305 310 315 320 

ttc aag ccc tgt gag tac etc ttt gaa age tgg ggc ate cgc ctg gee 1008 
Phe Lys Pro Cys Glu Tyr Leu Phe Glu Ser Trp Gly He Arg Leu Ala 
325 330 335 

gtg tgg gec ate gtg ttg etc tec gtg etc tgc aat gga ctg gtg ctg 1056 
Val Trp Ala He Val Leu Leu Ser Val Leu Cys Asn Gly Leu Val Leu 
340 345 350 
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ctg acc gtg ttc get ggc ggg cct gec ccc ctg ccc ccg gtc aag ttt 1104 
Leu Thr Val Phe Ala Gly Gly Pro Ala Pro Leu Pro Pro Val Lys Phe 
355 360 365 

gtg gta ggt gcg att gca ggc gec aac acc ttg act ggc att tec tgt 1152 
Val Val Gly Ala He Ala Gly Ala Asn Thr Leu Thr Gly He Ser Cys 
370 375 380 

ggc ctt eta gec tea gtc gat gee ctg acc ttt ggt cag ttc tct gag 1200 
Gly Leu Leu Ala Ser Val Asp Ala Leu Thr Phe Gly Gin Phe Ser Glu 
385 390 395 400 

tac gga gee cgc tgg gag acg ggg eta ggc tgc egg gee act ggc ttc 1248 
Tyr Gly Ala Arg Trp Glu Thr Gly Leu Gly Cys Arg Ala Thr Gly Phe 
405 410 415 

ctg gca gta ctt ggg teg gag gca teg gtg ctg ctg etc act ctg gec 1296 
Leu Ala Val Leu Gly Ser Glu Ala Ser Val Leu Leu Leu Thr Leu Ala 
420 425 430 

gca gtg cag tgc age gtc tec gtc tec tgt gtc egg gec tat ggg aag 1344 
Ala Val Gin Cys Ser Val Ser Val Ser Cys Val Arg Ala Tyr Gly Lys 
435 440 445 

tec ccc tec ctg ggc age gtt cga gca ggg gtc eta ggc tgc ctg gca 1392 
Ser Pro Ser Leu Gly Ser Val Arg Ala Gly Val Leu Gly Cys Leu Ala 
450 455 460 

ctg gca ggg ctg gee gee gca ctg ccc ctg gee tea gtg gga gaa tac 1440 
Leu Ala Gly Leu Ala Ala Ala Leu Pro Leu Ala Ser Val Gly Glu Tyr 
465 470 475 480 

ggg gee tec cca etc tgc ctg ccc tac gcg cca cct gag ggt cag cca 1488 
Gly Ala Ser Pro Leu Cys Leu Pro Tyr Ala Pro Pro Glu Gly Gin Pro 
485 490 495 

gca gee ctg ggc ttc acc gtg gee ctg gtg atg atg aac tec ttc tgt 153 6 
Ala Ala Leu Gly Phe Thr Val Ala Leu Val Met Met Asn Ser Phe Cys 
500 505 510 

ttc ctg gtc gtg gee ggt gee tac ate aaa ctg tac tgt gac ctg ccg 1584 
Phe Leu Val Val Ala Gly Ala Tyr He Lys Leu Tyr Cys Asp Leu Pro 
515 520 525 

egg ggc gac ttt gag gee gtg tgg gac tgc gee atg gtg agg cac gtg 1632 
Arg Gly Asp Phe Glu Ala Val Trp Asp Cys Ala Met Val Arg His Val 
530 535 540 

gee tgg etc ate ttc gca gac ggg etc etc tac tgt ccc gtg gee ttc 1680 
Ala Trp Leu He Phe Ala Asp Gly Leu Leu Tyr Cys Pro Val Ala Phe 
545 550 555 560 

etc age ttc gee tec atg ctg ggc etc ttc cct gtc acg ccc gag gee 172 8 
Leu Ser Phe Ala Ser Met Leu Gly Leu Phe Pro Val Thr Pro Glu Ala 
565 570 575 
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gtc aag tct gtc ctg ctg gtg gtg ctg ccc ctg cct gcc tgc etc aac 1776 
Val Lys Ser Val Leu Leu Val Val Leu Pro Leu Pro Ala Cys Leu Asn 
580 585 590 

cca ctg ctg tac ctg etc ttc aac ccc cac ttc egg gat gac ctt egg 1824 
Pro Leu Leu Tyr Leu Leu Phe Asn Pro His Phe Arg Asp Asp Leu Arg 
595 600 605 

egg ctt egg ccc cgc gca ggg gac tea ggg ccc eta gcc tat get gcg 1872 
Arg Leu Arg Pro Arg Ala Gly Asp Ser Gly Pro Leu Ala Tyr Ala Ala 
610 615 620 

gcc ggg gag ctg gag aag age tec tgt gat tct ace cag gcc ctg gta 1920 
Ala Gly Glu Leu Glu Lys Ser Ser Cys Asp Ser Thr Gin Ala Leu Val 
625 630 635 640 

gcc ttc tct gat gtg gat etc att ctg gaa get tct gaa get ggg egg 1968 
Ala Phe Ser Asp Val Asp Leu lie Leu Glu Ala Ser Glu Ala Gly Arg 
645 650 655 

ccc cct ggg ctg gag ace tat ggc ttc ccc tea gtg acc etc ate tec 2016 
Pro Pro Gly Leu Glu Thr Tyr Gly Phe Pro Ser Val Thr Leu He Ser 
660 665 670 

tgt cag cag cca ggg gcc ccc agg ctg gag ggc age cat tgt gta gag 2064 
Cys Gin Gin Pro Gly Ala Pro Arg Leu Glu Gly Ser His Cys Val Glu 
675 680 685 

cca gag ggg aac cac ttt ggg aac ccc caa ccc tec atg gat gga gaa 2112 
Pro Glu Gly Asn His Phe Gly Asn Pro Gin Pro Ser Met Asp Gly Glu 
690 695 700 

ctg ctg ctg agg gca gag gga tct acg cca gca ggt gga ggc ttg tea 2160 
Leu Leu Leu Arg Ala Glu Gly Ser Thr Pro Ala Gly Gly Gly Leu Ser 
705 710 715 720 

ggg ggt ggc ggc ttt cag ccc tct ggc ttg gcc ttt get tea cac gtg 2208 
Gly Gly Gly Gly Phe Gin Pro Ser Gly Leu Ala Phe Ala Ser His Val 
725 730 735 

<210> 10 

<211> 3492 

<212> DNA 

<213> Homo sapiens 

<220> 
<221> CDS 

<222> (104) . . . (3004) 
<400> 10 

ccgccsgcgg tgcagcccgc egggaceggg aggeggcage tgcggccacc gcgccgtgcg 60 

tccgcgcccg gccgccaggt gccccagtag cccgaccgcc gag atg ccc age ccg 115 

Met Pro Ser Pro 
1 

ccg ggg etc egg gcg eta tgg ctt tgc gcc gcg ctg tgc get tec egg 163 
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Pro Gly Leu Arg Ala Leu Trp Leu Cys Ala Ala Leu Cys Ala Ser Arg 
5 10 15 20 

agg gcc ggc ggc gcc ccc cag ccc ggc ccg ggg ccc acc gcc tgc ccg 211 
Arg Ala Gly Gly Ala Pro Gin Pro Gly Pro Gly Pro Thr Ala Cys Pro 
25 30 35 

gcc ccc tgc cac tgc cag gag gac ggc ate atg ctg tct gcc gac tgc 259 
Ala Pro Cys His Cys Gin Glu Asp Gly lie Met Leu Ser Ala Asp Cys 
40 45 50 

tct gag etc ggg ctg tec gcc gtt ccg ggg gac ctg gac ccc ctg acg 307 
Ser Glu Leu Gly Leu Ser Ala Val Pro Gly Asp Leu Asp Pro Leu Thr 
55 60 65 

get tac ctg gac etc age atg aac aac etc aca gag ctt cag cct ggc 355 
Ala Tyr Leu Asp Leu Ser Met Asn Asn Leu Thr Glu Leu Gin Pro Gly 
70 75 80 

etc ttc cac cac ctg cgc ttc ttg gag gag ctg cgt etc tct ggg aac 403 
Leu Phe His His Leu Arg Phe Leu Glu Glu Leu Arg Leu Ser Gly Asn 
85 90 95 ' 100 

cat etc tea cac ate cca gga caa gca ttc tct ggt etc tac age ctg 451 
His Leu Ser His lie Pro Gly Gin Ala Phe Ser Gly Leu Tyr Ser Leu 
105 110 115 

aaa ate ctg atg ctg cag aac aat cag ctg gga gga ate ccc gca gag 499 
Lys lie Leu Met Leu Gin Asn Asn Gin Leu Gly Gly lie Pro Ala Glu 
120 125 130 

gcg ctg tgg gag ctg ccg age ctg cag teg ctg cgc eta gat gcc aac 547 
Ala Leu Trp Glu Leu Pro Ser Leu Gin Ser Leu Arg Leu Asp Ala Asn 
135 140 145 

etc ate tec ctg gtc ccg gag agg age ttt gag ggg ctg tec tec etc 595 
Leu lie Ser Leu Val Pro Glu Arg Ser Phe Glu Gly Leu Ser Ser Leu 
150 155 160 

cgc cac etc tgg ctg gac gac aat gca etc acg gag ate cct gtc agg 643 
Arg His Leu Trp Leu Asp Asp Asn Ala Leu Thr Glu lie Pro Val Arg 
165 170 175 180 

gcc etc aac aac etc cct gcc ctg cag gcc atg acc ctg gcc etc aac 691 
Ala Leu Asn Asn Leu Pro Ala Leu Gin Ala Met Thr Leu Ala Leu Asn 
185 190 195 

cgc ate age cac ate ccc gac tac gcg ttc cag aat etc acc age ctt 739 
Arg lie Ser His lie Pro Asp Tyr Ala Phe Gin Asn Leu Thr Ser Leu 
200 205 210 

gtg gtg ctg cat ttg cat aac aac cgc ate cag cat ctg ggg acc cac 7 87 
Val Val Leu His Leu His Asn Asn Arg He Gin His Leu Gly Thr His 
215 220 225 



age ttc gag ggg ctg cac aat ctg gag aca eta gac ctg aat tat aac 
Ser Phe Glu Gly Leu His Asn Leu Glu Thr Leu Asp Leu Asn Tyr Asn 



835 



WO 01/85768 



34 



PCTAJS01/15002 



230 235 240 

aag ctg cag gag ttc cct gtg gcc ate egg acc ctg ggc aga ctg cag 883 
Lys Leu Gin Glu Phe Pro Val Ala lie Arg Thr Leu Gly Arg Leu Gin 
245 250 255 260 

gaa ctg ggg ttc cat aac aac aac ate aag gcc ate cca gaa aag gcc 931 
Glu Leu Gly Phe His Asn Asn Asn lie Lys Ala He Pro Glu Lys Ala 
265 270 275 

ttc atg ggg aac cct ctg eta cag acg ata cac ttt tat gat aac cca 979 
Phe Met Gly Asn Pro Leu Leu Gin Thr He His Phe Tyr Asp Asn Pro 
280 285 290 

ate cag ttt gtg gga aga teg gca ttc cag tac ctg cct aaa etc cac 1027 
He Gin Phe Val Gly Arg Ser Ala Phe Gin Tyr Leu Pro Lys Leu His 
295 300 305 

aca eta tct ctg aat ggt gcc atg gac ate cag gag ttt cca gat etc 1075 
Thr Leu Ser Leu Asn Gly Ala Met Asp He Gin Glu Phe Pro Asp Leu 
310 315 320 

aaa ggc acc acc age ctg gag ate ctg acc ctg acc cgc gca ggc ate 1123 
Lys Gly Thr Thr Ser Leu Glu He Leu Thr Leu Thr Arg Ala Gly He 
325 330 335 340 

egg ctg etc cca teg ggg atg tgc caa cag ctg ccc agg etc cga gtc 1171 
Arg Leu Leu Pro Ser Gly Met Cys Gin Gin Leu Pro Arg Leu Arg Val 
345 350 355 

ctg gaa ctg tct cac aat caa att gag gag ctg ccc age ctg cac agg 1219 
Leu Glu Leu Ser His Asn Gin He Glu Glu Leu Pro Ser Leu His Arg 
360 365 370 

tgt cag aaa ttg gag gaa ate ggc etc caa cac aac cgc ate tgg gaa 1267 
Cys Gin Lys Leu Glu Glu He Gly Leu Gin His Asn Arg He Trp Glu 
375 380 385 

att gga get gac acc ttc age cag ctg age tec ctg caa gcc ctg gat 1315 
He Gly Ala Asp Thr Phe Ser Gin Leu Ser Ser Leu Gin Ala Leu Asp 
390 395 400 

ctt age tgg aac gcc ate egg tec ate cac cct gag gcc ttc tec acc 1363 
Leu Ser Trp Asn Ala He Arg Ser He His Pro Glu Ala Phe Ser Thr 
405 410 415 420 

ctg cac tec ctg gtc aag ctg gac ctg aca gac aac cag ctg acc aca 1411 
Leu His Ser Leu Val Lys Leu Asp Leu Thr Asp Asn Gin Leu Thr Thr 
425 430 435 

ctg ccc ctg get gga ctt ggg ggc ttg atg cat ctg aag etc aaa ggg 1459 
Leu Pro Leu Ala Gly Leu Gly Gly Leu Met His Leu Lys Leu Lys Gly 
440 445 450 

aac ctt get etc tec cag gcc ttc tec aag gac agt ttc cca aaa ctg 1507 
Asn Leu Ala Leu Ser Gin Ala Phe Ser Lys Asp Ser Phe Pro Lys Leu 
455 460 465 
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agg ate ctg gag gtg cct tat gec tac cag tgc tgt ccc tat ggg atg 1555 
Arg He Leu Glu Val Pro Tyr Ala Tyr Gin Cys Cys Pro Tyr Gly Met 
470 475 480 

tgt gec age ttc ttc aag gee tct ggg cag tgg gag get gaa gac ctt 1603 
Cys Ala Ser Phe Phe Lys Ala Ser Gly Gin Trp Glu Ala Glu Asp Leu 
485 490 495 500 

cac ctt gat gat gag gag tct tea aaa agg ccc ctg ggc etc ctt gee 1651 
His Leu Asp Asp Glu Glu Ser Ser Lys Arg Pro Leu Gly Leu Leu Ala 
505 510 515 

aga caa gca gag aac cac tat gac cag gac ctg gat gag etc cag ctg 1699 
Arg Gin Ala Glu Asn His Tyr Asp Gin Asp Leu Asp Glu Leu Gin Leu 
520 525 530 

gag atg gag gac tea aag cca cac ccc agt gtc cag tgt age cct act 1747 
Glu Met Glu Asp Ser Lys Pro His Pro Ser Val Gin Cys Ser Pro Thr 
535 540 545 

cca ggc ccc ttc aag ccc tgt gag tac etc ttt gaa age tgg ggc ate 1795 
Pro Gly Pro Phe Lys Pro Cys Glu Tyr Leu Phe Glu Ser Trp Gly He 
550 555 560 

cgc ctg gee gtg tgg gec ate gtg ttg etc tec gtg etc tgc aat gga 1843 
Arg Leu Ala Val Trp Ala He Val Leu Leu Ser Val Leu Cys Asn Gly 
565 570 575 580 

ctg gtg ctg ctg acc gtg ttc get ggc ggg cct gec ccc ctg ccc ccg 1891 
Leu Val Leu Leu Thr Val Phe Ala Gly Gly Pro Ala Pro Leu Pro Pro 
585 590 595 

gtc aag ttt gtg gta ggt gcg att gca ggc gec aac acc ttg act ggc 1939 
Val Lys Phe Val Val Gly Ala He Ala Gly Ala Asn Thr Leu Thr Gly 
600 605 610 

att tec tgt ggc ctt eta gec tea gtc gat gec ctg acc ttt ggt cag 1987 
He Ser Cys Gly Leu Leu Ala Ser Val Asp Ala Leu Thr Phe Gly Gin 
615 ' 620 625 

ttc tct gag tac gga gec cgc tgg gag acg ggg eta ggc tgc egg gec 2035 
Phe Ser Glu Tyr Gly Ala Arg Trp Glu Thr Gly Leu Gly Cys Arg Ala 
630 635 640 

act ggc ttc ctg gca gta ctt ggg teg gag gca teg gtg ctg ctg etc 2083 
Thr Gly Phe Leu Ala Val Leu Gly Ser Glu Ala Ser Val Leu Leu Leu 
645 650 655 660 

act ctg gee gca gtg cag tgc age gtc tec gtc tec tgt gtc egg gec 2131 
Thr Leu Ala Ala Val Gin Cys Ser Val Ser Val Ser Cys Val Arg Ala 
665 670 675 

tat ggg aag tec ccc tec ctg ggc age gtt cga gca ggg gtc eta ggc 2179 
Tyr Gly Lys Ser Pro Ser Leu Gly Ser Val Arg Ala Gly Val Leu Gly 
680 685 690 
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tgc ctg gca ctg gca ggg ctg gcc gcc gca ctg ccc ctg gcc tea gtg 2227 
Cys Leu Ala Leu Ala Gly Leu Ala Ala Ala Leu Pro Leu Ala Ser Val 
695 700 705 

gga gaa tac ggg gcc tec cca etc tgc ctg ccc tac gcg cca cct gag 2275 
Gly Glu Tyr Gly Ala Ser Pro Leu Cys Leu Pro Tyr Ala Pro Pro Glu 
710 715 720 

ggt cag cca gca gcc ctg ggc ttc acc gtg gcc ctg gtg atg atg aac 2323 
Gly Gin Pro Ala Ala Leu Gly Phe Thr Val Ala Leu Val Met Met Asn 
725 730 735 740 

tec ttc tgt ttc ctg gtc gtg gcc ggt gcc tac ate aaa ctg tac tgt 2371 
Ser Phe Cys Phe Leu Val Val Ala Gly Ala Tyr lie Lys Leu Tyr Cys 
745 750 755 

gac ctg ccg egg ggc gac ttt gag gcc gtg tgg gac tgc gcc atg gtg 2419 
Asp Leu Pro Arg Gly Asp Phe Glu Ala Val Trp Asp Cys Ala Met Val 
760 765 770 

agg cac gtg gcc tgg etc ate ttc gca gac ggg etc etc tac tgt ccc 2467 
Arg His Val Ala Trp Leu lie Phe Ala Asp Gly Leu Leu Tyr Cys Pro 
775 780 785 

gtg gcc ttc etc age ttc gcc tec atg ctg ggc etc ttc cct gtc acg 2515 
Val Ala Phe Leu Ser Phe Ala Ser Met Leu Gly Leu Phe Pro Val Thr 
790 795 800 

ccc gag gcc gtc aag tct gtc ctg ctg gtg gtg ctg ccc ctg cct gcc 2563 
Pro Glu Ala Val Lys Ser Val Leu Leu Val Val Leu Pro Leu Pro Ala 
805 810 815 820 

tgc etc aac cca ctg ctg tac ctg etc ttc aac ccc cac ttc egg gat 2611 
Cys Leu Asn Pro Leu Leu Tyr, Leu Leu Phe Asn Pro His Phe Arg Asp 
825 830 835 

gac ctt egg egg ctt egg ccc cgc gca ggg gac tea ggg ccc eta gcc 2659 
Asp Leu Arg Arg Leu Arg Pro Arg Ala Gly Asp Ser Gly Pro Leu Ala 
840 845 850 

tat get gcg gcc ggg gag ctg gag aag age tec tgt gat tct acc cag 2707 
Tyr Ala Ala Ala Gly Glu Leu Glu Lys Ser Ser Cys Asp Ser Thr Gin 
855 860 865 

gcc ctg gta gcc ttc tct gat gtg gat etc att ctg gaa get tct gaa 2755 
Ala Leu Val Ala Phe Ser Asp Val Asp Leu lie Leu Glu Ala Ser Glu 
870 875 880 

get ggg egg ccc cct ggg ctg gag acc tat ggc ttc ccc tea gtg acc 2803 
Ala Gly Arg Pro Pro Gly Leu Glu Thr Tyr Gly Phe Pro Ser Val Thr 
885 890 895 900 

etc ate tec tgt cag cag cca ggg gcc ccc agg ctg gag ggc age cat 2851 
Leu lie Ser Cys Gin Gin Pro Gly Ala Pro Arg Leu Glu Gly Ser His 
905 910 915 

tgt gta gag cca gag ggg aac cac ttt ggg aac ccc caa ccc tec atg 2899 
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Cys Val Glu Pro Glu Gly Asn His Phe Gly Asn Pro Gin Pro Ser Met 
920 925 930 

gat gga gaa ctg ctg ctg agg gca gag gga tct acg cca gca ggt gga 2947 
Asp Gly Glu Leu Leu Leu Arg Ala Glu Gly Ser Thr Pro Ala Gly Gly 
935 940 945 

ggc ttg tea ggg ggt ggc ggc ttt cag ccc tct ggc ttg gec ttt get 2995 
Gly Leu Ser Gly Gly Gly Gly Phe Gin Pro Ser Gly Leu Ala Phe Ala 
950 955 960 

tea cac gtg taaatatccc tccccattct tctcttcccc tctcttccct 3 044 

Ser His Val 
965 . 

ttcctctctc cccctcggtg aatgatggct gcttctaaaa caaatacaac caaaactcag 3104 

cagtgtgatc tatagcagga tggcccagta cctggctcca ctgatcacct ctctcctgtg 3164 

accatcacca aegggtgect cttggcctgg ctttcccttg gccttcctca gcttcacctt 3224 

gatactgggc ctcttccttg tcatgtctga agctgtggac caragacctg gacttttgtc 3284 

tgcttaaggg aaatgaggga agtaaagaca gtgaaggggt ggagggttga tcagggcaca 3344 

gtggacaggg agacctcaca raaaaaggee tggaaggkga tttcccgtgt gactcatggr 3404 

taggawacaa aatgtgttcc atgtaccatt aatcttgaca tatgecatge ataaaractt 3464 

cctattaaaa taagctttgg ragagatt 3492 

<210> 11 

<211> 967 

<212> PRT 

<213> Homo sapiens 

<400> 11 

Met Pro Ser Pro Pro Gly Leu Arg Ala Leu Trp Leu Cys Ala Ala Leu 
1 5 . 10 15 

Cys Ala Ser Arg Arg Ala Gly Gly Ala Pro Gin Pro Gly Pro Gly Pro 
20 25 30 

Thr Ala Cys Pro Ala Pro Cys His Cys Gin Glu Asp Gly lie Met Leu 
35 40 45 

Ser Ala Asp Cys Ser Glu Leu Gly Leu Ser Ala Val Pro Gly Asp Leu 
50 55 60 

Asp Pro Leu Thr Ala Tyr Leu Asp Leu Ser Met Asn Asn Leu Thr Glu 
65 70 75 80 

Leu Gin Pro Gly Leu Phe His His Leu Arg Phe Leu Glu Glu Leu Arg 
85 90 95 

Leu Ser Gly Asn His Leu Ser His lie Pro Gly Gin Ala Phe Ser Gly 
100 105 110 
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Leu Tyr Ser Leu Lys He Leu Met Leu Gin Asn Asn Gin Leu Gly Gly 
115 120 125 

He Pro Ala Glu Ala Leu Trp Glu Leu Pro Ser Leu Gin Ser Leu Arg 
130 135 140 

Leu Asp Ala Asn Leu He Ser Leu Val Pro Glu Arg Ser Phe Glu Gly 
145 150 155 160 

Leu Ser Ser Leu Arg His Leu Trp Leu Asp Asp Asn Ala Leu Thr Glu 
165 170 175 

He Pro Val Arg Ala Leu Asn Asn Leu Pro Ala Leu Gin Ala Met Thr 
180 185 190 

Leu Ala Leu Asn Arg He Ser His He Pro Asp Tyr Ala Phe Gin Asn 
195 200 205 

Leu Thr Ser Leu Val Val Leu His Leu His Asn Asn Arg He Gin His 
210 215 220 

Leu Gly Thr His Ser Phe Glu Gly Leu His Asn Leu Glu Thr Leu Asp 
225 230 235 240 

Leu Asn Tyr Asn Lys Leu Gin Glu Phe Pro Val Ala He Arg Thr Leu 
245 250 255 

Gly Arg Leu Gin Glu Leu Gly Phe His Asn Asn Asn He Lys Ala He 
260 265 270 

Pro Glu Lys Ala Phe Met Gly Asn Pro Leu Leu Gin Thr He His Phe 
275 280 285 

Tyr Asp Asn Pro He Gin Phe Val Gly Arg Ser Ala Phe Gin Tyr Leu 
290 295 300 

Pro Lys Leu His Thr Leu Ser Leu Asn Gly Ala Met Asp He Gin Glu 
305 310 315 320 

Phe Pro Asp Leu Lys Gly Thr Thr Ser Leu Glu lie Leu Thr Leu Thr 
325 330 335 

Arg Ala Gly He Arg Leu Leu Pro Ser Gly Met Cys Gin Gin Leu Pro 
340 345 350 

Arg Leu Arg Val Leu Glu Leu Ser His Asn Gin He Glu Glu Leu Pro 
355 360 365 

v 

Ser Leu His Arg Cys Gin Lys Leu Glu Glu He Gly Leu Gin His Asn 
370 375 380 

Arg He Trp Glu He Gly Ala Asp Thr Phe Ser Gin Leu Ser Ser Leu 
385 390 395 400 



Gin Ala Leu Asp Leu Ser Trp Asn Ala He Arg Ser He His Pro Glu 
405 410 415 
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Ala Phe Ser Thr Leu His Ser Leu Val Lys Leu Asp Leu Thr Asp Asn 
420 425 430 

Gin Leu Thr Thr Leu Pro Leu Ala Gly Leu Gly Gly Leu Met His Leu 
435 440 445 

Lys Leu Lys Gly Asn Leu Ala Leu Ser Gin Ala Phe Ser Lys Asp Ser 
450 455 460 

Phe Pro Lys Leu Arg lie Leu Glu Val Pro Tyr Ala Tyr Gin Cys Cys 
465 470 475 480 

Pro Tyr Gly Met Cys Ala Ser Phe Phe Lys Ala Ser Gly Gin Trp Glu 
485 490 495 

Ala Glu Asp Leu His Leu Asp Asp Glu Glu Ser Ser Lys Arg Pro Leu 
500 505 510 

Gly Leu Leu Ala Arg Gin Ala Glu Asn His Tyr Asp Gin Asp Leu Asp 
515 520 525 

Glu Leu Gin Leu Glu Met Glu Asp Ser Lys Pro His Pro Ser Val Gin 
530 535 540 

Cys Ser Pro Thr Pro Gly Pro Phe Lys Pro Cys Glu Tyr Leu Phe Glu 
545 550 555 560 

Ser Trp Gly lie Arg Leu Ala Val Trp Ala lie Val Leu Leu Ser Val 
565 570 575 

Leu Cys Asn Gly Leu Val Leu Leu Thr Val Phe Ala Gly Gly Pro Ala 
580 585 590 

Pro Leu Pro Pro Val Lys Phe Val Val Gly Ala lie Ala Gly Ala Asn 
595 600 605 

Thr Leu Thr Gly lie Ser Cys Gly Leu Leu Ala Ser Val Asp Ala Leu 
.610 615 620 

Thr Phe Gly Gin Phe Ser Glu Tyr Gly Ala Arg Trp Glu Thr Gly Leu 
625 630 635 640 

Gly Cys Arg Ala Thr Gly Phe Leu Ala Val Leu Gly Ser Glu Ala Ser 
645 650 655 

Val Leu Leu Leu Thr Leu Ala Ala Val Gin Cys Ser Val Ser Val Ser 
660 665 670 

Cys Val Arg Ala Tyr Gly Lys Ser Pro Ser Leu Gly Ser Val Arg Ala 
675 680 685 

Gly Val Leu Gly Cys Leu Ala Leu Ala Gly Leu Ala Ala Ala Leu Pro 
690 695 700 

Leu Ala Ser Val Gly Glu Tyr Gly Ala Ser Pro Leu Cys Leu Pro Tyr 
705 710 715 720 
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Ala Pro Pro Glu Gly Gin Pro Ala Ala Leu Gly Phe Thr Val Ala Leu 
725 730 735 

Val Met Met Asn Ser Phe Cys Phe Leu Val Val Ala Gly Ala Tyr He 
740 745 750 

Lys Leu Tyr Cys Asp Leu Pro Arg Gly Asp Phe Glu Ala Val Trp Asp 
755 760 765 

Cys Ala Met Val Arg His Val Ala Trp Leu He Phe Ala Asp Gly Leu 
770 775 780 

Leu Tyr Cys Pro Val Ala Phe Leu Ser Phe Ala Ser Met Leu Gly Leu 
785 790 • 795 800 

Phe Pro Val Thr Pro Glu Ala Val Lys Ser Val Leu Leu Val Val Leu 
805 810 815 

Pro Leu Pro Ala Cys Leu Asn Pro Leu Leu Tyr Leu Leu Phe Asn Pro 
820 825 830 

His Phe Arg Asp Asp Leu Arg Arg Leu Arg Pro Arg Ala Gly Asp Ser 
835 840 845 

Gly Pro Leu Ala Tyr Ala Ala Ala Gly Glu Leu Glu Lys Ser Ser Cys 
850 855 860 

Asp Ser Thr Gin Ala Leu Val Ala Phe Ser Asp Val Asp Leu He Leu 
865 870 875 880 

Glu Ala Ser Glu Ala Gly Arg Pro Pro Gly Leu Glu Thr Tyr Gly Phe 
885 890 895 

Pro Ser Val Thr Leu He Ser Cys Gin Gin Pro Gly Ala Pro Arg Leu 
900 905 910 

Glu Gly Ser His Cys Val Glu Pro Glu Gly Asn His Phe Gly Asn Pro 
915 920 925 

Gin Pro Ser Met Asp Gly Glu Leu Leu Leu Arg Ala Glu Gly Ser Thr 
930 935 940 

Pro Ala Gly Gly Gly Leu Ser Gly Gly Gly Gly Phe Gin Pro Ser Gly 
945 950 955 960 

Leu Ala Phe Ala Ser His Val 
965 

<210> 12 

<211> 2901 

<212> DNA 

<213> Homo sapiens 
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<400> 12 

atg ccc age ccg ccg ggg etc egg gcg eta tgg ctt tgc gee gcg ctg 48 
Met Pro Ser Pro Pro Gly Leu Arg Ala Leu Trp Leu Cys Ala Ala Leu 
15 10 15 

tgc get tec egg agg gee ggc ggc gee ccc cag ccc ggc ccg ggg ccc 96 
Cys Ala Ser Arg Arg Ala Gly Gly Ala Pro Gin Pro Gly Pro Gly Pro 
20 25 30 

ace gee tgc ccg gee ccc tgc cac tgc cag gag gac ggc ate atg ctg 144 
Thr Ala Cys Pro Ala Pro Cys His Cys Gin Glu Asp Gly lie Met Leu 
35 40 45 

tct gee gac tgc tct gag etc ggg ctg tec gec gtt ccg ggg gac ctg 192 
Ser Ala Asp Cys Ser Glu Leu Gly Leu Ser Ala Val Pro Gly Asp Leu 
50 55 60 

gac ccc ctg acg get tac ctg gac etc age atg aac aac etc aca gag 240 
Asp Pro Leu Thr Ala Tyr Leu Asp Leu Ser Met Asn Asn Leu Thr Glu 
65 70 75 80 

ctt cag cct ggc etc ttc cac cac ctg cgc ttc ttg gag gag ctg cgt 288 
Leu Gin Pro Gly Leu Phe His His Leu Arg Phe Leu Glu Glu Leu Arg 
85 90 95 

etc tct ggg aac cat etc tea cac ate cca gga caa gca ttc tct ggt 336 
*Leu Ser Gly Asn His Leu Ser His lie Pro Gly Gin Ala Phe Ser Gly 
100 105 110 

etc tac age ctg aaa ate ctg atg ctg cag aac aat cag ctg gga gga 3 84 
Leu Tyr Ser Leu Lys lie Leu Met Leu Gin Asn Asn Gin Leu Gly Gly 
115 120 125 

ate ccc gca gag gcg ctg tgg gag ctg ccg age ctg cag teg ctg cgc 432 
lie Pro Ala Glu Ala Leu Trp Glu Leu Pro Ser Leu Gin Ser Leu Arg 
130 135 140 

eta gat gec aac etc ate tec ctg gtc ccg gag agg age ttt gag ggg 480 
Leu Asp Ala Asn Leu lie Ser Leu Val Pro Glu Arg Ser Phe Glu Gly 
145 150 155 160 

ctg tec tec etc cgc cac etc tgg ctg gac gac aat gca etc acg gag 528 
Leu Ser Ser Leu Arg His Leu Trp Leu Asp Asp Asn Ala Leu Thr Glu 
165 170 175 

ate cct gtc agg gee etc aac aac etc cct gee ctg cag gee atg ace 576 
lie Pro Val Arg Ala Leu Asn Asn Leu Pro Ala Leu Gin Ala Met Thr 
180 185 190 

ctg gee etc aac cgc ate age cac ate ccc gac tac gcg ttc cag aat 624 
Leu Ala Leu Asn Arg He Ser His He Pro Asp Tyr Ala Phe Gin Asn 
195 200 205 

etc ace age ctt gtg gtg ctg cat ttg cat aac aac cgc ate cag cat 672 
Leu Thr Ser Leu Val Val Leu His Leu His Asn Asn Arg He Gin His 
210 215 220 
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ctg ggg acc cac age ttc gag ggg ctg cac aat ctg gag aca eta gac 720 
Leu Gly Thr His Ser Phe Glu Gly Leu His Asn Leu Glu Thr Leu Asp 
225 230 235 240 

ctg aat tat aac aag ctg cag gag ttc cct gtg gee ate egg acc ctg 768 
Leu Asn Tyr Asn Lys Leu Gin Glu Phe Pro Val Ala He Arg Thr Leu 
245 250 255 

ggc aga ctg cag gaa ctg ggg ttc cat aac aac aac ate aag gee ate 816 
Gly Arg Leu Gin Glu Leu Gly Phe His Asn Asn Asn He Lys Ala He 
260 265 270 

cca gaa aag gee ttc atg ggg aac cct ctg eta cag acg ata cac ttt 864 
Pro Glu Lys Ala Phe Met Gly Asn Pro Leu Leu Gin Thr He His Phe 
275 280 285 

tat gat aac cca ate cag ttt gtg gga aga teg gca ttc cag tac ctg 912 
Tyr Asp Asn Pro He Gin Phe Val Gly Arg Ser Ala Phe Gin Tyr Leu 
290 295 300 

cct aaa etc cac aca eta tct ctg aat ggt gee atg gac ate cag gag 960 
Pro Lys Leu His Thr Leu Ser Leu Asn Gly Ala Met Asp He Gin Glu 
305 310 315 320 

ttt cca gat etc aaa ggc acc acc age ctg gag ate ctg acc ctg acc 1008 
Phe Pro Asp Leu Lys Gly Thr Thr Ser Leu Glu He Leu Thr Leu Thr 
325 330 335 

cgc gca ggc ate egg ctg etc cca teg ggg atg tgc caa cag ctg ccc 1056 
Arg Ala Gly He Arg Leu Leu Pro Ser Gly Met Cys Gin Gin Leu Pro 
340 345 350 

agg etc cga gtc ctg gaa ctg tct cac aat caa att gag gag ctg ccc 1104 
Arg Leu Arg Val Leu Glu Leu Ser His Asn Gin He Glu Glu Leu Pro 
355 360 365 

age ctg cac agg tgt cag aaa ttg gag gaa ate ggc etc caa cac aac 1152 
Ser Leu His Arg Cys Gin Lys Leu Glu Glu He Gly Leu Gin His Asn 
370 375 380 

cgc ate tgg gaa att gga get gac acc ttc age cag ctg age tec ctg 1200 
Arg He Trp Glu He Gly Ala Asp Thr Phe Ser Gin Leu Ser Ser Leu 
385 390 395 400 

caa gee ctg gat ctt age tgg aac gee ate egg tec ate cac cct gag 1248 
Gin Ala Leu Asp Leu Ser Trp Asn Ala He Arg Ser He His Pro Glu 
405 410 415 

gee ttc tec acc ctg cac tec ctg gtc aag ctg gac ctg aca gac aac 1296 
Ala Phe Ser Thr Leu His Ser Leu Val Lys Leu Asp Leu Thr Asp Asn 
420 425 430 

cag ctg acc aca ctg ccc ctg get gga ctt ggg ggc ttg atg cat ctg 1344 
Gin Leu Thr Thr Leu Pro Leu Ala Gly Leu Gly Gly Leu Met His Leu 
435 440 445 



WO 01/85768 



43 



PCT/US01/15002 



aag etc aaa ggg aac ctt get etc tec cag gee ttc tec aag gac agt 1392 
Lys Leu Lys Gly Asn Leu Ala Leu Ser Gin Ala Phe Ser Lys Asp Ser 
450 455 460 

ttc cca aaa ctg agg ate ctg gag gtg cct tat gee tac cag tgc tgt 1440 
Phe Pro Lys Leu Arg lie Leu Glu Val Pro Tyr Ala Tyr Gin Cys Cys 
465 470 475 480 

ccc tat ggg atg tgt gec age ttc ttc aag gee tct ggg cag tgg gag 1488 
Pro Tyr Gly Met Cys Ala Ser Phe Phe Lys Ala Ser Gly Gin Trp Glu 
485 490 495 

get gaa gac ctt cac ctt gat gat gag gag tct tea aaa agg ccc ctg 1536 
Ala Glu Asp Leu His Leu Asp Asp Glu Glu Ser Ser Lys Arg Pro Leu 
500 505 510 

ggc etc ctt gec aga caa gca gag aac cac tat gac cag gac ctg gat 1584 
Gly Leu Leu Ala Arg Gin Ala Glu Asn His Tyr Asp Gin Asp Leu Asp 
515 520 525 

gag etc cag ctg gag atg gag gac tea aag cca cac ccc agt gtc cag 1632 
Glu Leu Gin Leu Glu Met Glu Asp Ser Lys Pro His Pro Ser Val Gin 
530 535 540 

tgt age cct act cca ggc ccc ttc aag ccc tgt gag tac etc ttt gaa 1680 
Cys Ser Pro Thr Pro Gly Pro Phe Lys Pro Cys Glu Tyr Leu Phe Glu 
545 550 555 560 

age tgg ggc ate cgc ctg gec gtg tgg gec ate gtg ttg etc tec gtg 1728 
Ser Trp Gly lie Arg Leu Ala Val Trp Ala lie Val Leu Leu Ser Val 
565 570 575 

etc tgc aat gga ctg gtg ctg ctg ace gtg ttc get ggc ggg cct gee 1776 
Leu Cys Asn Gly Leu Val Leu Leu Thr Val Phe Ala Gly Gly Pro Ala 
580 585 * 590 

ccc ctg ccc ccg gtc aag ttt gtg gta ggt gcg att gca ggc gee aac 1824 
Pro Leu Pro Pro Val Lys Phe Val Val Giy Ala lie Ala Gly Ala Asn 
595 600 605 

ace ttg act ggc att tec tgt ggc ctt eta gec tea gtc gat gee ctg 1872 
Thr Leu Thr Gly lie Ser Cys Gly Leu Leu Ala Ser Val Asp Ala Leu 
610 615 620 

ace ttt ggt cag ttc tct gag tac gga gee cgc tgg gag acg ggg eta 1920 
Thr Phe Gly Gin Phe Ser Glu Tyr Gly Ala Arg Trp Glu Thr Gly Leu 
625 630 635 640 

ggc tgc egg gec act ggc ttc ctg gca gta ctt ggg teg gag gca teg 1968 
Gly Cys Arg Ala Thr Gly Phe Leu Ala Val Leu Gly Ser Glu Ala Ser 
645 650 655 

gtg ctg ctg etc act ctg gee gca gtg cag tgc age gtc tec gtc tec 2016 
Val Leu Leu Leu Thr Leu Ala Ala Val Gin Cys Ser Val Ser Val Ser 
660 665 670 

tgt gtc egg gec tat ggg aag tec ccc tec ctg ggc age gtt cga gca 2064 
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Cys Val Arg Ala Tyr Gly Lys Ser Pro Ser Leu Gly Ser Val Arg Ala 
675 680 685 

ggg gtc eta ggc tgc ctg gca ctg gca ggg ctg gec gec gca ctg ccc 2112 
Gly Val Leu Gly Cys Leu Ala Leu Ala Gly Leu Ala Ala Ala Leu Pro 
690 695 700 

ctg gec tea gtg gga gaa tac ggg gee tec cca etc tgc ctg ccc tac 2160 
Leu Ala Ser Val Gly Glu Tyr Gly Ala Ser Pro Leu Cys Leu Pro Tyr 
705 710 715 720 

gcg cca cct gag ggt cag cca gca gee ctg ggc ttc ace gtg gec ctg 2208 
Ala Pro Pro Glu Gly Gin Pro Ala Ala Leu Gly. Phe Thr Val Ala Leu 
725 730 735 

gtg atg atg aac tec ttc tgt ttc ctg gtc gtg gee ggt gee tac ate 2256 
Val Met Met Asn Ser Phe Cys Phe Leu Val Val Ala Gly Ala Tyr lie 
740 745 750 

aaa ctg tac tgt gac ctg ccg egg ggc gac ttt gag gee gtg tgg gac 2304 
Lys Leu Tyr Cys Asp Leu Pro Arg Gly Asp Phe Glu Ala Val Trp Asp 
755 760 765 

tgc gee atg gtg agg cac gtg gee tgg etc ate ttc gca gac ggg etc 23 52 
Cys Ala Met Val Arg His Val Ala Trp Leu lie Phe Ala Asp Gly Leu 
770 775 780 

etc tac tgt ccc gtg gee ttc etc age ttc gee tec atg ctg ggc etc 2400 
Leu Tyr Cys Pro Val Ala Phe Leu Ser Phe Ala Ser Met Leu Gly Leu 
785 790 795 800 

ttc cct gtc acg ccc gag gee gtc aag tct gtc ctg ctg gtg gtg ctg 2448 
Phe Pro Val Thr Pro Glu Ala Val Lys Ser Val Leu Leu Val Val Leu 
805 810 v 815 

ccc ctg cct gee tgc etc aac cca ctg ctg tac ctg etc ttc aac ccc 2496 
Pro Leu Pro Ala Cys Leu Asn Pro Leu Leu Tyr Leu Leu Phe Asn Pro 
820 825 830 

cac ttc egg gat gac ctt egg egg ctt egg ccc cgc gca ggg gac tea 2544 
His Phe Arg Asp Asp Leu Arg Arg Leu Arg Pro Arg Ala Gly Asp Ser 
835 840 845 

ggg ccc eta gec tat get gcg gec ggg gag ctg gag aag age tec tgt 2592 
Gly Pro Leu Ala Tyr Ala Ala Ala Gly Glu Leu Glu Lys Ser Ser Cys 
850 855 860 

gat tct ace cag gec ctg gta gee ttc tct gat gtg gat etc att ctg 2640 
Asp Ser Thr Gin Ala Leu Val Ala Phe Ser Asp Val Asp Leu lie Leu 
865 870 875 880 

gaa get tct gaa get ggg egg ccc cct ggg ctg gag acc tat ggc ttc 2688 
Glu Ala Ser Glu Ala Gly Arg Pro Pro Gly Leu Glu Thr Tyr Gly Phe 
885 890 895 

ccc tea gtg acc etc ate tec tgt cag cag cca ggg gec ccc agg ctg 2736 
Pro Ser Val Thr Leu lie Ser Cys Gin Gin Pro Gly Ala Pro Arg Leu 
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900 905 910 

gag ggc age cat tgt gta gag cca gag ggg aac cac ttt ggg aac ccc 2784 

Glu Gly Ser His Cys Val Glu Pro Glu Gly Asn His Phe Gly Asn Pro 

915 920 925 

caa ccc tec atg gat gga gaa ctg ctg ctg agg gca gag gga tct acg 2832 

Gin Pro Ser Met Asp Gly Glu Leu Leu Leu Arg Ala Glu Gly Ser Thr 

930 935 940 

cca gca ggt gga ggc ttg tea ggg ggt ggc ggc ttt cag ccc tct ggc 2880 

Pro Ala Gly Gly Gly Leu Ser Gly Gly Gly Gly Phe Gin Pro Ser Gly 
945 950 955 960 



ttg gee ttt get tea cac gtg 2901 
Leu Ala Phe Ala Ser His Val 
965 



